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THE METABOLISM OF THE SALIVARY GLANDS. 

III. The blood sugar metabolism of the Submaxillary Gland. 

B\ G V ANREl’ A^D 11. K. CANNAN (Beit Memorial Rc‘!carc!i 
Fellow) 

(From the Institute of Plitjsiology, Uimcrsity College, London ) 

Is a recent comniunicntioiK)) tie lime reported the results of a studj of 
the consumption of blood sugar bj’ the subninMlIarj gland both in the 
resting combtion and when secreting under the influence of pilocarpine 
The experiments demonstrated that the resting gland consumes blood 
sugar at a fairly constant rate and that this rate is greatlj incieased 
under the influence of pilocarpine — the increase being m broad proportion 
to the activity of the gland as measured by the floM of saliva The present 
paper contains a report of exporiraents upon the effect of stimulation of 
the chorda tympani together uith a further study of any possible relation 
betueen the rate of flow of blood through the gland and its consumption 
of blood sugar This latter question arose from the fact that actiait) of 
the gland being usually accompanied by a coiisiderablo acctleration of 
the blood flow it was necessary to determine if this acceleration were 
responsible for the increased disappearance of sugar That our results 
were governed by any such relation was rendered very improbable by 
an inspection of the collected protocols of the expennients Thus if we 
take for each observation the factor of increase of consumption conse- 
quent upon stimulation of the chorda and divide it by the factor of 
increase m blood flow we obtain ratios ranging impartially between 0 3 
and 3 2 The variation in any one animal was never so great ns this but 
was often considerable It is difficult to see how any direct relation can 
exist between these two factors when they show such wide degrees of 
individual vanation Expenments directly designed to answer this 
question were also undertaken, a study being made of the changes in 
the consumption of the resting gland under conditions of artificially 
varied blood flow 

Diminuhon of the blood flow. It was thought that the simplest way 
to reduce the blood flow through the gland would be to clip the corre- 
sponding carotid artery but upon performing the experiment it was 
found that no definite reduction of flow generally resulted from the 
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4 G. V. ANREP AND R. K. OANNAN. 

from making any sncli calculation for liis experiments upon dogs under 
pilocarpine or chorda stimulation. 

The atropinised gland. The effect of chorda stimulation of the atropin- 
ised gland was found to he in good accord with the results of Barcroft(5) 
on the oxygen consumption and those of Gesell(C) on the electrical 
variation of the gland. Atropine in doses sufficient to abolish visible 
secretion gave values for sugar consumption which were above those 
determined for the resting gland but less than would be expected for the 
secreting gland. With larger doses, however, though vaso-dilatation was 
still produced on stimulation of the chorda, there was found to be no 
increase in the consumption of sugar. In some cases a given dose of 
atropine fully paralysed the gland for a time giving normal resting values 
for sugar consumption but later, though no visible secretion appeared 
on stimulation, yet the sugar consumption was seen to be increasing. 


Exp. G. 


Time in minutes 

0 

16 

35 

44 

64 

59 

72 

Blood flow c.c. per min. 
Consumption (ragms. per 

0’49 

0-5G 

5-4 

0-91 

5 mgms. of 
atropine 

0-82 

7'14 

gm. of gland per min.) 

1-9 

2-1 

10-2 

2-2 

injected 

2-4 

L9 

Stimulation of chorda ... 

... 

... 

+ 

... 

hero 

... 

+ 

Time in minutes 

79 

96 

97 

107 

180 

186 


Blood flow c.c. per min. 
Consumption (mgms. per 

0-61 

3-0 

1-6 

0-52 

2-38 

0-48 


gm. of gland per min.) 

2-1 ' 

1-8 

4-9 

1-7 

4-G 

2-3 


Stimulation of chorda ... 

... 

+ 

+ 

... 

+ 




It is evident that the dose of atropine abolished the increase in sugar 
consumption for a time only. Eighteen minutes after injection a stimulus 
sufficient to increase the blood flow ninefold was wdthout effect on the 
consumption of sugar. After a further period of twenty-three minutes, 
stimulation for two minutes gave no increase but an observation made 
immediately after the first without interrupting the stimulation gave a 
significant increase — that is to say, after a latent period of two minutes. 
A third observation made two hours after injection of the atropine gave 
an immediate rise in consumption. The following experiments on the 
effect of a large and of a small dose are contrasted. 

Exp. 7. Largo dog. 2-6 mgms. injected when the preparation was ready. j 

Time ... 0 45 64 C3 70 80 114 130 

Blood flow ... 1-20 2-86 2-85 1'47 1-20 1-52 0-53 1'78 

Consumption _ 3-3 C-9 6-8 3-6 2-7 C-O 2-1 4-6 

Chordo ... ... + + weak ... + ... + 

The. small dose of atropine was insufficient to prevent some* increase 
in sugar consumption but the increase was always smaller than, under 
similar conditions, was found for non-atropinised glands. 
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Exp. 8. Small dog. 7-0 mgms. wcro injected at 82 minutca. 

Time 0 13 23 33 82 Bl 103 107 115 110 15.7 

Chorda + • + 

Saliva c.c. per min 0-14 

Eloodllow ... 0-80 0-88 1-30 0-00 ... 1 14 POO 1-00 ll'l I'oo o'Vd 

Consumption ... 30 20 8-S 3-6 ... 50 2-2 50 50 PU 4 - 4 ’ 

The large dose here abolislicd nil effect of sliimilation on coiisiimptioji 
tliroughout the experiment. Indeed a peculiiirity not observed nii.v other 
time wa.s tlio actual diminution of the consumption. 

Sugar consumption in the period immediately following activity. The 
work of A. Hill and of others has clearly shown that the first phase 
of muscle contraction is of an unoxidative nature, oxidation being a 
restorative process in the post-contraction period. It is, of course, im- 
possible to distinguisb in the gland the two phases of activity ns clearly 
as in a single muscle contraction. Bancroft and Kato(4) showed for 
the submaxillary gland and for the tetanised muscle that the maximum 
oxygen consumption does not correspond with the period of ma.ximal 
activity butshowsa considerable lag. Itis postiilatedl") that the o.xygon 
used in this latter period is consumed in the oxidation of the products 
of the unoxidative metabolism of the actual activity and here the cleavage 
of carbohydrate into lactic acid plays a large part. We were led by those 
considerations to determine the sugar consumption of the gland in the 
period immediately following activity as determined by the cessation of 
the secretion. The results were quite definite. There was never any 
indication of an increased consumption in the post-active period. The 
following experiment is representative of the results obtained. 


Time 

0 

2 

4 

G 

8 

80 

82 

84 

Ciood flow ... 

0.00 

7-7 

7-7 

1-9 

1-25 

5-71 

1-75 

My 

Saliva 


09 

059 



0-29 



Consumption 

d-2 

280 

213 

4-4 

C-V 

13-3 

6-0 

G'O 

Chorda 


+ 

+ 

... 


+ 

... 



The post-active periods, which were at G and at 82 minutes respec- 
tively, were taken immediately the secretion stopped, i.e. only a few 
seconds after the removal of the stimulus. The resting consumption was 
in this case exceptionally high but its return to normal immediately upon 
the cessation of secretion is quite clear. Further indirect evidence in 
favour of this conclusion is to be found in the fact that in any one active 
period of long duration, such as that induced by the injection of pilo- 
carpine, the consumption of sugar per 1 c.c. of saliva remains fairly 
constant throughout and shows no tendency, as does the consumption 
of oxygen, to progressively increase. We may, therefore, conclude that 
there are two phases in the activity of the gland — the unoxidative jihase 
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involving the breakdown of sugar and the recovery phase in which the 
products of this breakdown are removed. 

In conclusion, it would appear that whilst there is, in the resting 
gland, substantial agreement between the oxygen and the blood sugar 
consumption the same cannot be said, from the evidence at present 
available, for the respective increases in these two factors during activity. 
In this connection it is reahsed that no balance sheet of carbohydrate 
metabolism in the secreting gland is complete that does not account for 
changes in blood sugar consumption due to (a) changes in the glycogen 
content of the gland, (b) changes in lactic acid or similar non-reducing 
carbohydrate metaboHtes in the blood, (c) contribution of sugar to the 
s 5 mthesis of mucin. 

The results of work published by one of us (G. V. A.) in another paper 
in the present number of this joumal would appear to discount effectively 
the latter possibility, so that, bearing in mind also the conclusions of 
Meyerhof and of A. V. Hill that in the first phase of muscle contraction 
three or four times as much glycogen is converted into lactic acid as is 
subsequently oxidised, a study is now being made of the changes in the 
glycogen content of the gland and of the lactic acid of the blood during 
activity. 

Conclusions. 

1. Changes in the blood flow through the submaxillary gland do not 
affect the consumption of sugar from the blood. 

2. Stimulation of the chorda tympani increases the blood sugar 
consumption. The increase is of the same order as that of the gland 
secreting under pilocarpine and is broadly proportional to the activity 
as measured by the rate of secretion. 

3. The maximal consumption of sugar corresponds ivith the maximal 
secretion and does not occur, as does the oxygen consumption, in the 
post-active period. 

4. Atropine in doses sufficient to paralyse the secretion only reduces 
the effect of the chorda tj^mpani on the sugar consumption. Large doses 
abolish the effect altogether. 

The expenses of this research were defrayed by a grant from the Medical Research 
Council. ' 


in su^ 
similar 
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THE METABOLISM OF THE SALIVARY GLANDS 
IV. The metabolism of the reducing substance of the Sub- 
maxillary Gland. By 0 V INEEP 

{From the InsItliUe oj Phi/swlogy, Unucrsiti/ Cdlhge, London ) 

MijCIN’ is the chief product of the synthetic activity of the submaxillary 
gland (dog) It IB also the chief form in which nitrogen is excreted by 
that gland during nctnitj In a previous communication (l) some expen- 
incnts were described wIiilIi were performed witli the xiew to studying 
the nitrogenous metahohsm of the suhinaxtllary gland under chorda 
stimulation The conclusion of those experiments was that mucin is not 
produced during the stimulation of the chorda, and that the sj nthetio 
activity of the gland does not lake place during the periods of activity 
but at some other time and under other conditions This conclusion being 
of general importance for the comprehension of the process of recon- 
struction of the glandular tissue v\ as v enfied in the experiments described 
below 

Mucin contains in its molecule a reducing substance (known to bo 
glucosamine), and can bo traced not only by the nitrogen determination 
but also by its reducing siihstancc which it yields upon acid hydrolysis 
Method of estimating the reducing substance No suitable method was 
found in the literature on the subject for quantitativ c determination of 
a reducing substance in tissues and in presence of large amounts of 
protein, except those methods which arc used for the estimation of 
glj cogen and which are based on alkali by droly sis — a process unsuitable 
for glucosamine The first attempts were made with the estimation of 
the reduction in neutralised acid hydrolysates of the glands, ns generally 
recommended for saliva and for pure mucin Tlus method, how ev er, gav e 
extremely inconsistent results as the reduction was found to v ary within 
wide limits, dependent on the strength of acid used and on the length 
and intensity of the hydroly sis The glands w ere hydrolysed in hydro- 
chlono acid V ary ing m strength from 3tol0pc,anditwas found that 
after the same length of time the hydrolysates from the action of the 
weaker acids gave a much larger reduction than those from the strong 
acids In one case, for instance, the submaxillary tissue was hydrolysed 
for 7 hours in 3, 5 and 10 p c acid At the end of the hydrolysis the three , 
lots gave a reduction of 46 G, 34 0 and 21 1 mgms 
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The other important factor is the duration of the hydrolysis. When 
the glands are hydrolysed in 3 p.c. HCl the reduction is found to increase 
for the hrst 4 hours; for the next 3 hours it gives maximal figures and 
then begins to dechne. As a general rule, the hydrolysates give in the 
early stages only a good precipitation of copper, but as hydrolysis pro- 
ceeds. the Bertrand’s solution assumes a greenish-yellow colour with a 
gradually diminishing amount of the copper precipitate. The effect 
resembles the familiar colour obtained with some pathological urines. 
With stronger acids the maximum is reached earlier but the drop is 
sooner and more sudden. In still stronger acids the reduction never 
attains the maximal level reached with a weak acid, so that the diminu- 
tion in the reduction seems to begin before the whole of the mucin is 
lij'drolysed. Acids of less than 3 p.c. strength take too long a time to 
break down the glandular tissue and were therefore not used. The gradual 
diminution in the reduction is not due to a destruction of the glucosamine. 
The hydrolysis of the pure glucosamine hydrochloride in acids up to 
20 p.c. strength does not show any decline in reduction. But if glucos- 
amine is hydrolysed in the presence of some tissue (pancreas and muscles 
were used) it behaves in the same way as the submaxillary glands and 
shows a decline in reduction which increases with the length of hydrolysis 
and the concentration of the acid used. It was supposed that the cause 
lay in the interfering action of products of the acid hydrolysis of the 
proteins, and an attempt was made to remove these before the estimation 
of the reduction. Alcohol, dialysed iron, trichloracetic acid, and charcoal 
(nuritc) were used as precipitating agencies. Charcoal was found to be 
most promising. Glucosamine in an acid solution is not adsorbed by 
nurite, but in a neutral solution it is adsorbed to a small extent. 

It was found that nurite adsorbs from the hydrolysates of the glands 
the substances which interfered with the reduction. The water-clear 
filtrates gave perfect reduction. Moreover, hydrolysates which lost the 
reduction after a prolonged hydrolysis, showed a nearly normal reduction 
after treatment with charcoal. Glucosamine added to tissue hydrolysates 
could be quantitatively recovered. 

T//e comparative estimation of the reducing substance in the right and 
left submaxillary gland. The preliminary experiments having given satis- 
factory results, the following method was adopted for the determination 
of the reducing substance in the glands. The submaxillary glands were 
dissected, as described in a previous communication, weighed, cut into 
small pieces and hydrolysed separatel}'^ in 40 e.c. of 3 p.c. HCl for 4| 
hours. Tire hydrolysates were then cooled, transferred, into a lOOc.cl 
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volumetric flask, and diluted with distilled water up to the mark. 20 c.c. 
\vere then taken out and used for the determination of the nitrogen; the 
rest was mixed with about 10 gins, of mirite, corked and left to stand for 
about 30 minutes. At the end of this time the hydroly.sates wore filtered 
through a dried filter into a dried flask and the reduction estimated 
in the water-clear filtrates. There was usually enough filtrate to make 
duplicate determinations. 

Ten pairs of resting glands were analysed in this way The first five 
pairs were taken from dogs which had been used for other experiments, 
and tiic others from dogs which had been killed by bleeding. The results 
of the analysis arc given in Table I. The weights of the glands are not 
given ns, for the purpose of these experiments, they arc not impoctaut, 
and the same applies to the absolute figures for nitrogen — the D/A' ratio 
being given instead. Alt dogs used for these experiments wore killed 


during a 

period of rest of the digestive organs. 

Table I. 

r.o. of rcOucing sub* 

Reducing substance In stance in the wet weight 
nigms. of glucose of the glands 

Z>/iV ratio 

Kxp. 

Left 

Right 

Left 

Right 

Left 

Right 

1 

. C7-0 

59 5 

1-72 

1-CS 

•08 

•00 

o 

CO 3 

00 8 

1-77 

1-72 

•72 

•70 

3 

t4-4 

43 3 

1-71 

1-73 

•78 

•79 

4 

81-0 

83 0 

1-84 

1-00 

-70 

•80 

5 

77-0 

78m 

2-13 

2-lD 

•70 

•74 

C 

142 8 

140 4 

2-20 

2-20 

•85 

•83 

7 

83 5 

88 0 

2-41 

2 35 

•84 

•82 

8 

53-2 

51-0 

2-30 

2-20 

•80 

•83 

9 

95 0 

02-3 

2-34 

2-33 

•80 

•81 

10 

102-8 

107-2 

2-35 

0.29 

•83 

•81 

Total 864-1 

870 0 

Mean 2 08 

2 00 Mean -78 

•79 


As mentioned above, the first five pairs of glands were taken from 
dogs used for other experiments, and they can, therefore, not be con- 
sidered as absolutely resting glands. The second five pairs may be con- 
sidered to be in a more truly resting condition. One conclusion is certain, 
and that is that the left and the right submaxillary glands have the same 
amount of reducing substance and that therefore one gland can be taken 
as a control representing the amount of reducing substance that the 
other gland had before activity. The percentage of the reducing substance 
and the D/A' ratio are fairly constant; 2-3 p.c. would be more accurate 
for a resting gland than the mean of the ten experiments. 

The nitrogen and the reducing substance in the saliva. Experiments 
were performed with the object'of determining the form in which 
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nitrogen is secreted in the saliva. In the experiments described previously 
acetic acid was used to precipitate the mucin of the submaxillary saliva. 
All the nitrogen which was not precipitated was called non-mucin 
nitrogen. It was found, however, that all this nitrogen consists entirely 
of non-protein nitrogen and that it is immaterial whether the mucin is 
precipitated by acetic acid or alcohol. The acetic acid filtrates do not 
give protein reactions or precipitations with any of the protein precipi- 
tants. The estimations of the nitrogen in the alcoholic and in the acetic 
acid filtrates give identical figures. This would at first suggest that the 
submaxillary sahva of the dog is free from any protein but mucin. Such 
a conclusion is however not justified. Acetic acid and alcohol produce 
totally difierent precipitates in the safiva. The acetic acid produces a 
large ^fiscid lump which only gradually shrinks and settles in a diluted 
sahva into a mass at the bottom of the flask. The supernatant fluid is 
clear and does not give precipitation on boifing or treating with alcohol 
or trichloracetic acid. The alcoholic precipitate consists of two parts, one 
which floats on top of the hquid and consists of mucin, and the other 
finely fiocculent which on standing settles at the bottom. This precipitate 
gives protein reactions and behaves hke a globulin towards magnesium 
sulphate. This globuhn was not studied more closely. No other proteins 
were found in the submaxillary sahva of the dog, and as mucin behaves 
towards magnesium sulphate hke a globuhn, aU the proteins could be 
precipitated by full saturation of magnesium sulphate. It was pointed 
out by Hammarsten(2) that mucin when precipitated by acetic acid 
carries down other proteins. The small amount of globuhn in the sahva 
which is presumably derived from the demilunes is completely carried 
down by the precipitate of mucin. An attempt is now being made to 
precipitate this globuhn separately from mucin by the use of trichlor- 
acetic acid as the latter does not precipitate mucin. 

On account of this admixture of an unknown quantity comparison 
of the nitrogen and of the reduction values of the sahva is scarcely per- 
missible. As a matter of fact in any given experiment the DjN ratio of 
the sahva always diminishes in the later stages of secretion. The per- 
centage of the reducing substance also diminishes as the sahva becomes 
poorer in mucin as can be seen from the following experiment. 

]^xp. 11. 90-5 c.c. of submaxiUary saliva were obtained by the stimulation of the chorda 
tympsni. The saliva was collected in two lots, first of 33-5 c.c. and then of 57 c.c. 

P.c. of reducing 

substance D/N ratio 

1st portion -175 2-68 

2nd „ -049 1-64 
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If wc tnko glands which arc not in a resting condition, ns in Ivx-p«, 13 
and 21 of Table II, with a D/A’ ratio of the control glands o! -oS and -t!) 
respeotivcl}', wo find, ns would he expected, a low percentage and a low 
D/iV ratio of the saliva secreted. 

Table II. 


Exp. 

12 

13 

14 

15 

in 

17 

18 

in 

20 

21 

22 

ol f&Uva per 
ra. of gland 

10 7 

10-7 

11-7 

13-4 

HO 

18-0 

21-8 

22-3 

220 

27-' 

«:'0 

318 . % reduc. 
ion in Baliva 

IDl 

126 

180 

154 

102 

ni<5 

BfVO 

70'5 

7S-0 

U-b 


f ratio of tlfo 
lUva 

2*60 

1-07 

2-85 

— 

2-48 

1-84 

1-C3 

1-7G 

I'TC 

1*2^ 


C ratio of tho 
rotcina In sa- 


3G3 

3-35 

3 03 

— 

3-7 

3-23 

300 

3-07 

3-03 

255 

3-9 

f ratio of tho 
‘Sting gland 

0 82 

0 52 

0 83 


0-70 

0 82 

082 

0 7S 

0 82 

0 VJ 

oso 


If these two c.xpcriments (13 and 21) be c.xcludedv one finds a gmdiinl 
decline in the percentage of the reducing substance in the s-iliva wpu 
ns in the ratio reducing substance -. total nitrogen. The decline in the 
latter factor shows that with secretion the admixture of non-reducing 
nitrogenous substances increases. 

The ratio reducing substance : protein nitrogen is somewhat mote 
constant. The small variations in this ratio indicate the presence of a 
variable amount of protein other than mucin. 

Is the reducing substance formed bg the ghnd during secretion f 'rim 
experiments were carried out in the same way ns described in the fiMt 
communication. After the stimulation of the chorda tympani the okll 
were dissected, freed from all connective tissue, and weighed ThevT 
then cut into small pieces and hydrolysed in 40c.c. 3p.c. Uci 
hours. The saliva was generally diluted to a known volnmo anil a !! 
also hydrolysed in 3 p.c. HCl for the same length of time as the 
The hydrolysates of the two glands were always diflcrcnt in annn! 
that of the resting gland being coloured dark brown with hS^T’ 
of the other, opalescent and only slightly brown The t W hydmb 
were then treated as described before. The results of eleven exT- " 
are given in Table III which hardly needs explanation. Cohm„A 
shoL be compared. The former gives the absolute amount TJ "f ’ 
in mgms. of glucose found on the octive side, ,,e. active ghna ' 
the litter column gives the reduction by the resting 
between the corresponding figures of the two columns ate ^ 

L limits of the experimental error and do not sugge,t a p J' 
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reducing substance by the gland during chorda stimulation. The experi- 
ments in Table II are the same as in Table IH. The DfN ratio of the 
resting gland which is ^ven in column 8 serves only to show the state 
of the glands at the beginning. All the glands had a DIN ratio between 
•76 and '83, except in Exps, 13 and 21, which showed a marked exhaus- 
tion from the beginning. 

Table III. 


1 


2 

3 

4 

5 

6 

7 

8 


Weight of gland 


Beductiott in. mgms. of glucose 

D/N ratio 


in ems. 

Volume 

^ 


A 

V 

of the 


— - — 

. 

of saliva 

Active 


Sum of 

Besting 

resting 

Exp. 

Active 

Besting 

in c.c. 

gland 

Saliva 

cols. 4 & 5 

gland 

gland 

12 

3-72 

393 

42 

12-0 

80-0 

92-0 

93-5 

0-82 

1.2 

2-39 

2-43 

26 

7-5 

33-4 

40-9 

39-8 

0-52 

H 

3-27 

3-69 

43 

6-5 

80-1 

86-6 

86-2 

0-83 

15 

4-95 

6-36 

72 

11-0 

110-8 

121-8 

125-0 

— 

16 

2-93 

3-42 

61 

10-5 

52-0 

62-5 

62-0 

0-76 

17 

2-38 

2-81 

63 

14 0 

48-5 

62-5 

63-6 

0-82 

18 

2-47 

3-20 

70 

120 

60-2 

72-2 

75-0 

0-82 

19 

2-42 

2-78 

62 

10-0 

49-3 

59-3 

58-3 

0-78 

20 

2-62 

3-05 

70 

11-5 

54-5 

66-0 

64-5 

0-82 

21 

2-28 

2-57 

70 

7-0 

29-2 

36-2 

35-4 

0-49 

22 

3-52 

3-96 

186 

trace 

86-6 

86-6 

87-5 

0-80 


A few experiments were made rrith extraction of the mucin with 
distilled water and re-precipitation with diluted HCl, as recommended 
by Hammarsten(2). For quantitative estimations it was found to be 
unsuitable as the extraction takes too long a time and mucin undergoes 
decomposition. Moreover, during the re-precipitation it is difficult to 
avoid some loss of mucin. One point of interest was noticed — the ex- 
tracts of the resting glands were extremely viscid and yielded a large 
precipitate on addition of an excess of acetic acid. The extracts of the 
exhausted glands were quite watery and gave none or very little pre- 
cipitate. 

An rep and Cannan(;p have demonstrated that during the secretion 
of saliva the submaxillary gland consumes an increased amount of sugar 
from the blood. This sugar is not passed into the saliva because the saliva 
does not contain sugar in determinable amounts. Further, from the 
experiments described in this communication it is evident that it is not 
used to form the reducing part of the mucin excreted. 

Summary. 

1. The use of nurite is advised fdr the removal of the products of 
acid hydrolysis interfering in the estimation of the reducing substance 
of the submaxillar}'- glands. 

2. The resting submaxillaiy gland yields on acid hydrolysis about 
2-3 p.c. of reducing substance calculated as glucose. 
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3. The ratio reducing substance : total nitrogen in a resting sub- 
maxillary gland is about -S. 

i. The glands on both sides 3 -icld aftei acid hydrolysis the same 
absolute amount of reducing substance. 

5. The saliva secreted under chorda stimulation becomes gradually 
poorer in reducing substance. The DjN ratio of the saliva also drops ivith 
the extent of secretion. The ratio reducing substance . protein nitrogen 
is more constant. The variations in the latter indicate the presence in 
saliva of variable amounts of protein which does not give rise to reducing 
substance. 

C. The submaxillary gland loses tho same amount of reducing sub- 
stance as is secreted in the .saliva. 

7. There is no evidence of a process of reconstruction of mucin 
during the secretion under chorda stimidiition, as judged by the reduction 
after acid hj’drolj’sis. 

The expenses of the research iicpe defrayed 1>> a grant from tho Medical nescarch 
Council. 
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STUDIES ON THE RESPIRATION AND CIRCULATION 
IN THE CAT. II. The oxygen in the venous blood. By 
K. UYENO AND Y. DOI. 

(From the Physiological Laboratory, Cambridge.) 

The minute volume of blood passing through the thorax was measured 
in the first paper(i) of the present series by the method of cardiac puncture 
in which the “oxygen difference” between the arterial blood and the 
mixed venous blood is divided into the total quantity of oxygen used by 
the animal per minute. For this purpose it is not necessary to puncture 
the left ventricle in order to get arterial blood — ^a sample taken from any 
artery will answer the purpose. The question arises Can a siinilar simplifi- 
cation be discovered for the venous blood? Is there any vein in which 
the blood is constantly of the same percentage saturation as the blood in 
the right ventricle? This question led us to investigate the oxygen 
content of the blood in a number of typical and more or less accessible 
veins. 

The experiments were performed on cats imder urethane, the blood 
was abstracted from the vein in each case with a hypodermic needle 
attached to a 1 o.c. glass syringe in which was placed about 0-1 c.c. of 
potassium oxalate — the fluid at once filling up the dead space of the 
syringe and rendering the blood non-coagulable. The analyses were made 
in the Barcroft differential apparatus. It is, of course, necessary that 
the cat should be in good condition and not suffering from failure in any 
degree of the circulation. In 17 of the 31 experiments which constitute 
the present series the arterial blood was analysed. In one case it was 
under 90 p.c. saturated (87 p.c.) and was on, the average 95 p.c. satur- 
ated. 

The great variation in the percentage saturation with oxygen which 
occurs in the different veins in different animals is shown in Fig. 1. This 
gives all the determinations made. The percentage saturation is given 
according as it lay between 0 to 10 p.c.,, 10 to 20 p.c, and so on, and each 
dot represents a separate determination. The figure .shows how little the 
blood in any one vein can be taken as representing that of the right side 
■of the heart. 
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Tlio varintion in percentage aaturation occurs not only in different 
animals but also in the different veins ol any one animal. The typical 
c.xamplcs given in Table I will Ber\-e to show the e.xtent of this. 
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Tjg. 1. Percentage saturation of oxygen in renoua blood observed in 
31 experiments m urelbanised cats. 


Table I. Percentage saturation witli oxygen. 

Vein 


Exp. 

Arterial 

blood 

Right 

ventnelo 

Interna! 

saphenous 

External 

jugular 

Internal 

jugular 

Femoral 

1 

06 

63 

54 

— 

— 

— 

2 

03 

60 

84 

— 

— 
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08 

67 
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— , 
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16 
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The figures in the table ail refer to the resting animal; in many veins 
the range of variation vrouM probably be greatly extended if special 
conditions were imposed upon special organs which they drain, such as 
diuresis in the kidney, contraction in muscle or the application of heat 
or cold to the skin,- as was shown in the last case by Meakins and 
Davies(2), and Barcroft and Nagahashi(3). In the present cases 
the high saturations in the saphenous vein are caused by loss of tone 
at the commencement of the experiment, due probably to the fact that 
the ansesthesia was initiated with a.c.b. mixture, 

CONCLUSION- 

In any given vein the percentage saturation with oxygen varies 
widely; it varies independently in different veins in apparently similar 
conditions of urethane anaesthesia, and it bears no uniform relation to 
the blood in the right ventricle. 

Wewish to express our warm thanks to Prof. La ngley for the facilities 
given ns in the Cambridge laboratory, to Mr Barcrof tfor his kind sugges 
tions and help and to the Koyal Society which defrayed a part of the 
expenses of the apparatus. 
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CIRCULATION AFTER CESSATION OF WORK, WITH 
SOME REMARKS ON THE CALCULATION OF CIRCU- 
LATION RATE EXPERIMENTS ACCORDING TO THE 
NITROUS OXIDE METHOD. By J. LINUIIARD. 

{From the Lnltoralorij for the Physiology of Gymnastics, 
University of Cogienhagcn.) 

The exppriments to be mentioned below have been performed according 
to the nitrous O-xidc method of Krogh and Lindhard(i). Since this 
method was published several nttcm))ts have been made to find out a 
method more easy to manipulate and providing, if possible, also a more 
reliable determination of the blood flow through the lungs. Within the 
last ton years a very great number of detenninations of the circulation 
rate have boon performed by means of the nitrous oxide method and a 
statistical treatment of the results obtained under standard conditions 
has shown the probable limits of error of the method to be rather narrow. 
The uncertainty on the single determination, including technical errors 
as well as physiological variation, amounts to some lOp.c. (Lindhardp)). 
Other methods which must be taken into account when discussing the 
determination of the circulation rate in man are the various methods 
based on Fick*s principle. It seems, that each physiologist applies this 
principle in his own manner, and a statistical treatment of the results 
cannot therefore be undertaken at present. Nevertheless the results 
obtained agree on the whole very well and are also consistent with the 
results obtained by the nitrous oxide method, as shown in the following 
Table I. 

The table includes results from experiments in sitting and recumbent 
positions. According to Jjindhardtsj the results may vary with the 
position of the body. For the present purpose only experiments made 
in sitting or recumbent position are of interest. Now it has been shown 
in the paper cited, that men and women behave in a different manner 
when changing from sitting to recumbent position, ns in four male 
subjects the circulation rate was practically unaltered, while in three 
females it was very much increased. This fact must of course be con- 
sidered when comparing the results given in the table. Doing this we 
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Table L 


No. of 


Author subjects 

Boothby(3) 1 

1 

Fridericia{4) 1 

„ 1 

Christiansen, Douglas and 3 

Haldane (5) 

j» 1 

Douglas and Haldane (6) 3 

Lindhard(7) 6 

4 

„ (8) 3 

Diljestrand and Lindhard(9) 2 

Liljestrand and Sten8tr6m(10) 2 
Lundsgaard(ll) 1 

„ 1 

■Sonne (12) 1 


Oj per litre blood after 


Sex 

Position 

NjO 

method 

Pick’s 

principle 

male 

lying 

52 

— 

‘ — 

sitting 

49 

— 

— 

lying 

42 

46 

— 

sitting 

65 

60 

— 

— 

— 

43 39-5 39-5 

female 



67 

male 

— 

— 

35 53 59 

— 

— 

14P 53 53-5 
{52 52 53-5 

— 

female 

— 

58-5 56 66 58 — 

— 

lying 

44 40 48 

— 

male 

sitting 

— 

65-5 60-5 

— 

lying 

— 

51 47 

— 

sitting 

51-5 

— 

female 

— 

63 

— 

male 

lying 

— 

41 

female 


— 

32 40 41-5 


1 This subject had not quite sound lungs. 


see, that the two methods give fairly consistent results. It may be seen 
also, however, that other factors than sex and body position have been 
at work. In fact the greatest variations in the results are due neither 
to these factors nor the method but to the subject or to the experimenter. 
This is most evident when we regard the experiments with the male 
subjects as change in position does not influence these results. The 
figures given in the table may be arranged as follows : 

0. per Utre blood 31-35 3&-40 41-45 46-50 61-55 56-60 61-65 

Number of series 1 2 3 3 9 2 3 

There is no doubt, that the normal values are found in the column 51-55 
which moreover includes the most extensive series and in the two neigh- 
bouring columns, while disturbing influences have played a part in the 
very high and the very low values. Thus we find very high figures for 
the oxygen absorption when the subject has been resting a very long 
time and begins to be sleepy. Under such conditions different methods 
appHed to the same subject have given the following results: 

Method Krogh and Liljestrand and 

Lindhard Fridericia Lindhard 

0. per Utre blood 65 60 65-5 

On the other hand we find in a subject, who does not maintain 
standard conditions, and especially by lack of mental quiescence in the 
preliminary resting period, deviations in the opposite direction and 
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consequcntlj' a too high circulation rate. It is therefore unjustifiable to 
lay special stress as Dougins and IlaldnnetO) do, on a few deviating 
cxperiinenis. Tliere are indeed very strong reasons to behove, that the 
subjects concerned iinvo not maintained standard conditions. Tins can 
bo .shown with certainty in other experiments pubhsliod by these authors 
ns pointed out by Krogli and Lindhard(l3) and, regarding the c.x- 
periments of Campbell, Dougins, Ilaldnito and Hobson, by 
Lindhnrd(ll). The Inst named erroneous experiments might moreover 
have coninnced Dougins and Haldnne, that H-ton conccntrntion is 
not the only factor governing the lung ventilation. 

We may summarize ns follows; All observers have, iiotwitlistandiiig 
the method employed, obtained rcsull.s of the .same order of magnitude, 
it ia therefore not essential which method is employed The reliability 
of the results depends on the care in the perfoniiance of the e.xpcnnients 
and on the “stability" of the subject c.xpcnniented on. 

The choice of method being mniiily a matter of coiivoiiicnce it mav 
be worth while to compare the technic of the two kinds of methods here 
concerned. 

Mensuroment of the circulation rate according to Fick’s principle 
as worked out recently by Douglas and Haldane (6) and others involves 
the determination of the venous and arterial COj tensions, the CO, 
diasociation curve of the blood and the gaseous c.xchange of the subject. 
The last named function must be determined also and in the same 
manner when using the nitrous o.xidc method The CO. dissociation 
curve must necessarily, according to the curves hitherto published, 
especially those in the recent e.xteiisive work of Barcroft, Hill and 
co-workers(l5), be determined in each subject and the determination is 
rather laborious. Thus the curs'c for the subject J L. in the paper of 
Liljestrand and Lindhnrd(a) though based on si.x determinations 
is very probably not correct. Also the curve given in the paper of 
Christiansen, Dougins and HaldanetS) deviates strongly from the 
average curve of Barcroft and Hill in shape and position. Moreover 
it may bo ritgardcd as doubtful, whether the dissociation cunm under 
varied conditions will prove an individual constant The arterial or the 
alveolar CO. tension may in experienced subjects at rest be determined 
by the H-P-method; in. untrained subjects and in all cases during 
muscular work this method gives, ns has been shown repeatedly by 
Krogh and Lindhnrd(i3, lO) experimentally, results which aie falla- 
cious and must be so for reasons which Douglas and Haldane(O) 
have accepted ns quite logical. As a rule, therefore, the alveolar COj 

2—3 
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tension must be calculated, and the calculation involves a determination 
of the dead space. It must be born in mind, however, that the physio- 
logical difficulties are always more dangerous than are the technical 
ones. The alveolar CO 2 tension is a highly variable function governed 
partly by nervous influences which may change very rapidly. Such 
variations may be quite “accidental” as in emotions or quite regular 
as on the transition from rest to work (Krogh and Lindhard(i7)). 
Therefore, the most careful determination of the alveolar CO^ tension, 
when used in the calculation of the circulation rate, may lead to very 
erroneous results, namely, if the alveolar tension has altered in the time 
interval between the drawing of the alveolar sample and the determina- 
tion of the venous gas tensions. This point of view has already been 
touched upon by Lilj estrand and Stenstr6m(i0). The determination 
of the venous gas tensions is as a rule carried out in a quite similar 
manner as is the circulation rate experiment according to Krogh and 
Lindhard, and the determination must, therefore, of course be open 
to the same objections as the latter. The objections generally met with 
aim at two points, viz. the mixing of the gases in the lungs and the 
influence of the technic of the experiment upon circulation. However, 
the mixing of the gases in the lungs offers no serious difficulties to the 
experienced experimenter. Regarding the other question it cannot be 
denied, that the experimental technic influences the blood flow; as a 
rule the circulation rate is accelerated but not in a quite imiform manner. 
Now the breath as a rule is only held for a few seconds and the absolute 
increase in the blood volume due to the experiment is, therefore, very 
limited though not insignificant. We will consider a concrete example: 
Minute volume directly calculated 7-66 Hires. Oxygen absorption rate 
during the experiment 413 c.c, per min.' Oxygen consumption per min. 
{from respiration experiment) 314 c.c. Experimental time -235 min. In 
this example the conditions are rather bad owing to the great “ reduction ” 
as well as to the experimental time being xmnecessarily long. We have: 

Real minute volume = 7-66 x = 5*82 litres. 

During the experiment the blood Bow through the lungs has amounted 
to 1*80 litres, while the normal inflow in the veins in the same interval 
of time has been 1-37 litres. Difference -43 litre which thus represents 
the increase in circulation rate caused by the experimental technic. Now 
we must assume, that more than half of the total blood volume is stored 
in the veins, to a great part in the large central veins, from which the 
right heart is filled and which may contain a very varying volume of 



CIRCULATION AFTER WORK. 


21 


blood. If in an adult man the veins contain 2-0-3 litres of blood the 
drawing off of '43 litre of blood is pos.siblc mthout other consequences 
than a moderate fall in venous pressure; it is not necessary to assume 
an increased inflow of the same order of magnitude in the veins of blood 
from the capillaries which perhaps might render the determination un- 
reliable. A more dangerous possibility is, that the aspiration of blood 
to the central veins might alter the composition of the blood in the right 
heart. This possibility seems, however, not to be realized in practice. 
Scries of eirciilation rate e.vperimenfs by the Jiitrous oxide method have 
shown, that the “reduction” to normal exchange, caused by the ac- 
celeration of the blood flow, has no appreciable influence on the essential 
figure of the determination, xdz. the o.xj'gen absorption per litre blood. 
The determinations of the venous gas tensions with this technic may 
therefore be regarded ns reliable. On the other hand the “reduction” 
cannot of course be regarded as a drawback on the nitrous oxide method. 
The only difference in the two methods is, that in the method of Krogh 
and Lindhnrd the acceleration of the circulation rate may be exactly 
measured, while in the venous tension experiments it is quite unknown. 
In addition to the procedures here named the determination of the 
circulation rate according to Fick’s principle involves a varying number 
of gas analyses with regard to COj and oxygen. 

The determination of the circulation rate by means of the method 
of Krogh and Lindhard has been described in detail on several ocoa- 
siona(l, 14 , 18 ). It includes a circulation rate experiment proper and a 
determination of the respiratory exchange ns in the method mentioned 
above. The technic of the circulation rate experiment, in principle quite 
analogous to the determination of the venous gas tensions, has already 
been dealt with and requires no further comment. Particular to this 
method is the analysis of two gas samples with regard to CO™, oxygen 
and nitrous oxide; especially the combustion of N^O may give some 
trouble to the unexperienced, even later a complete analysis of this kind 
takes the same time as two analyses of atmospheric air. 

The calculation of the result has liitherto been carried out in the 
manner, that the blood flow per minute and the oxygen absorption per 
minute have been calculated separately from the experimental data, 
and then the figure found for the circulation rate has been “reduced 
to normal exchange by means of the oxygen consumption measured in 
a corresponding respiration experiment. As, however, this “reduction 
has been misunderstood it will be omitted in future calculations. The 
only data needed from the circulation rate experiment for the calcu- 
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lation are the results of the two gas analyses and a barometer reading, 
as shown in the follo'sving example; 


E.H. sitting on ergometer. 0^ per minute (from respiration experiment) 266 c.o. 


Sample 

. I 

I corr. 

H 

Dig. 

NjO tension 
(I -1-11/2) 

Barometer 

COo 

3-90 

— 

5-31 

— 

— 

— 

0/ 

14-63 

15-06 

12-88 

2-18 

— 

— 

NeO 

15-80 

16-26 

14-19 

2-07 

15-00 

762 


When blood is exposed to a definite volume of a gas mixture containing 
iSigO and Og the volume absorbed of each gas within a definite time must 
be proportional to the differences in percentage of the two gases before 
and after absorption. In the above example we have 

Oo difference 2-18 , 

M,6 difference “ 2W ~ 


If the absorbed volume of one of the gases in a given quantity of blood 
can be determined, the volume absorbed of the other gas in the same 
quantity of blood may be calculated. Now we know, that 1 c.c. of blood 
absorbs -405 c.c. (0°, 760 mm.) of nitrous oxide at a tension difference 
of 100 p.c. and normal atmospheric pressure, hence the oxygen absorp- 
tion per litre blood in the case here concerned is 

1-05 X -405 X V/h X X 103 ^ 00.1 c.c. 


and the circulation rate 266/60-1 - 4-4 litres per minute. 

This simplification of the calculation involves further a simplification 
of the whole experiment, indeed we do not want to know-anything about 
the spirometer volume, the experi menta l tinfg'the alveolar residual air 
of the subject or the spirometer is superfluous 

as the mixing respiratioUg undoubtedly be taken in a Douglas bag. 
It cannot, however, be Recommended to reduce the apparatus too much. 
When using a recordi^^g spirometer the observer can see simply by a 
glance on the curve, mixing respirations are deep enough, if the 

two expirations samp^^^ sufficiently deep to secure the washing out 
of the dead_ spaces’ .1 elapsed from the beginning of the 

mixing respirations expiration is suitably short. As 

the gas analyses rep^^^_^^^ it i^ always wanted to 

ascenam, whether th, 3 has been successful or not, before 

analysing. 1 ^ 

It is'evWent from determination of the eiroulation 

rate according to F.cV . . ^ ^ compHcated and 

labonons procedure *8^.. „;„.„lation rate experiment of Krogh 
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and Lindhatd and, oapecially in its recent variations if the CO^ dis- 
sociation cnn'c and the “dead space’’ are not determined for each 
subject, it is far less reliable than the latter. There is no doubt, however, 
that carefully performed o.\-pcrimonfs according to Pick’s principle ns 
those of Liljestrand and Stenstrom give quite reliable results. 

When comparing the two methods it must bo taken into account 
further, that the various procedures necessary for the Pick-determina- 
tion cannot be made simultaneously but successively which invoh'es, 
that Corresponding values of the functions concerned can only be ob- 
tained when the physiological equilibrium of the subject remains unaltered 
uithin a definite space of time. The Pick-methods cannot, therefore, 
bo applied if one or other of the functions concerned is varying as c.g. 
in the transition from rest to work and vice versa. The nitrous oxide 
method, on the other hand, permits us to perform an experiment so to 
say in a moment; it is the only method by the aid of which it is possible 
to follow the variations in a labile function like the circulation rate. 
This method was, therefore, the only one available in the investigations 
dealt with, in the present paper. 

The experiments here given may be regarded as a supplement to 
previous experiments of Krogh and Lindhard(i5). The experiments 
were performed on two subjects very famibar with the work on the 
bicycle ergometer. The work done was in both cases 690 kgm. per 
minute and lasted 25-30 minutes. Shortly before work was stopped the 
pulse rate was counted in the usual clinical manner, the respiratory 
exchange determined by means of a Douglas bag and the circulation 
rate determined. The resting level of the functions named was ascer- 
tained with the same methods when the fasting subject sitting on the 
ergometer had rested for about half-an-hour. In the transitional period 
corresponding values of the functions investigated cannot be obtained 
on a single day but each function must be represented independent of 
the others by a cur\'e built up of observations from day to day. When 
two circulation rate experiments were performed on the same day there 
was always allowed a suitable interval between them to make certain 
that all nitrous oxide from "the first experiment had been expired before 
the second began. To avoid getting nitrous oxide into the Douglas bags 
the respiratory exchange was as a nile determined before the circulation 
rate experiment. 

The respiration experiments are, as regards the oxygen consumption, 
plotted in Figs. 1 and 2 (lower curves); they have been carried out by 
means of Douglas bag, Loven valve and Zuntz mouthpiece and the 
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Figs. 1 and 2. Transition from work to rest. 

X c.c. of oxygen ob.wlwd per minuto 
• C.C. of oxygen absorlKnl jwr litre of blood 
■ Itesting level, 

Fi^. I. C.S.T. Ago 29. The amounta during work are the average of sis determinations; 
those during rest the average of seven determinations. 

The following numbers were obtained in the successive determinations in the tran- 
sitional periw: 

Ventilation in Hires j>cr minute: 20*5, 18*3, 18*2, 10*0, Il*G, 11*0, 9'9, 10 0, 9 0, 9 3, 
10 0, 8*5, 8 0. 

0,c.c. per minute: 876, 824. 844. 0G7, 380. 340. 314, 329. 300, 287, 305, 25G, 2GG. 
n.Q.: -99, *88, -88. -Ol. -92, -OS. ■92, -84, -82, -83, *96, -87, -81, 

0, C.C, per litre blood: 98-5. 103, 04. (W, 61, 71, 59, 54, C3, 70, 73, 59, 66, G5-5, G4-5. 
Pulse rate given in Fig. 3. 

Fig. 2. E.H. Ago 28. The amounts during work are the avemges of four-six determina- 
tions; those during rest the avemges of four dctenninalions. 

The following numbers were obtained in the succeisivo determinations in the tran- 
sitional pcricM: 

. Ventilation in litres per minute: 20-8, 19-3, 18*0, 21*9, 1C*7, 18*35, 10*2, 10*8, ll-I, 

11-8, 10-2. 

Oj O.C. per minute: 974, 806, 493. 43C, 352. 374, 327, 294. 290, 323, 260. 

R.Q.: -93, -94, 1-32, 1-60. 1-29. 1*29. M5. M4, *98, M2, -03. 

0, c.c. per litre blood: 123, 115, 74, 70, 63, 64, 60. 77, 72. 01, 63, 79*6, 58, 68. 

Pulse rate given in Fig, 3. 

results arc arranged according to the time elapsed from cessation of 
work to the middle of the experiment; the first is begun immediately after 
stop and has lasted a minute, the folio\\*ing experiments have lasted 
somewhat longer and the latest, as the resting experiments, some four 
minutes. The oxygen consumption as determined in this way is owing 
to the*** dead space” in the Douglas bags in the work and after work 
experiments a little (some 2 p.c.) too low. More serious errors may, 
however, be caused by the subjects. It is a necessary condition for 
obtaining a reliable result, that the volume and the composition of the 
alveolar air remain unaltered during the experiment, especially when 
the experiment is short. If the alveolar air is altered, errors amounting 
to about 10 p.c. of the value arc possible (LindhardfSO)). The com- 
position of the alveolar air lias not been determined in the present 
experiments but tbe mutual agreement between the two curves and their 
agreement with the results of previous experiments performed in a quite 
different manner make it probable, that significant errors due to varia- 
tions in the composition of the alveolar air are not present. In the case 
C.S.T. the two last oxygen figures are some 10 p.c. lower than are the 
resting values. ,It is most probable, that this difference is real and owing 
to the fact, that the resting experiments were performed five-six weeks 
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before tbe after work experiments; the subject was at that time un- 
trained in respiration experiments and felt tired from the long sitting 
on the ergometer. 

In both cases the lung venriktion decreases evenly, most regularly 
in C.S.T. The respiratory quotient behaves on the whole in a manner 
similar to that described in the previous paper of Krogh and' 
Lindhardps), In E.H. the rise in the quotient •within the first minutes 
after work is very pronounced and rather long lasting while in C.S.T. 
the rise is only slight. C.S.T. was a very strong and web-trained man 
while E.H. at that time was quite untrained. 

The circulatory function directly determined is the utilization, the 
oxygen absorption per litre blood, calculated in the manner described 
above. The utilization during work is in both subjects the double of, 
the resting value and agrees fairly well- ^nth the values found by 
Lindhardp4) in other subjects working at a corresponding rate. _In 
the first few seconds after work has ceased we hnd a very slight decrease 
in utilization (Figs, 1 and 2, middle curves) followed by a rather rapid 
decrease for about two minutes. Three to. four minutes after cessation 
of work tbe utilization in both subjects ha^ gained the resting level 
but tbe decrease is then followed by an increase to a relative maximum 
at seven to eight minutes after work when the oxygen absorption is 
70 resp. 80 c.c. per litre blood. Then we observe a new minimum 
followed by a maximum after 12 and 16 minutes respectively. From the 
last slight maximum the curve seems to rim nearly straight and to 
attain the resting level 20 to 30 minutes after cessation of work. In 
the case C.S.T. the curve has been drawn by the aid of a later experi- 
ment falling -svithout the frame of the figure. One of the experiments 
with E.H. at 16 minutes gives undoubtedly for unknown reasons too 
high a result. The curve has been drawn vfithout regard to this experi- 
ment. The shape of the two eur\’-es is rather peculiar but the mutual 
agreement of the curves and the fact, that experiments performed at 
the same time after work "with an interval of several days as a rule have 
given very nearly the same result make it very probable, that the shape 
of the curves is correct. 

It is worth noting, that experiments after static work have given a 
quite difierent result {Lindhard( 20 )), IVhen static work ceases the 
utilization of the oxygen in the blood increases more or less from tbe 
working level which always lies lower than at rest and then rapidly 
falls down again to values below the resting level which seems to be 
regained within about five minutes. 
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Tlic utiliziition cannot, however, be regarded as the essential circu- 
latory function but it must depend on the metabolism and the ciioidation 
rate. It must bo concluded from the obser^-ations and calculations of 
Kroghpi), that circulation is not the limiting factor for the o-vygen 
supply of the organism; the circulation must bo regulated with regard 
to other substances or the minute volume may depend solely on me- 
chanical factors: variations in the peripheral resistances, venous pressure 
and mechanics of respiration. At rest the utilization is rather small and 
of fairly constant magnitude, indicating, that an o.xygcn reserve in the 
circulating blood is always wanted to meet suddenly increased call for 
oxygen from the working organs. When working the utilization may bo 
icgarded as an index of the more or less suitable adaptation of the 
circulation to the amount of work done. The independent variables in 
circulation arc the minute volume and the pulse rate, yet it must bp 
remembered, that the former may in c.xtreme cases depend upon the 
latter. The minute votumc cannot, however, be determined directly in 
.living men; in the present paper it is calculated from the oxj’gen con- 
sumption and the utilization (Figs. 1 and 2, upper curves), .“Vpart from 
the first one or two minutes after cessation of work when the curve like 
those for the utilization and oxj'gen consumption presents a steep fall, the 
curve for the minute volume is symmetrical to that for the utilization, 
that is to say, at about two minutes after work the slope of the curve 
becomes less steep, in the case C.S.T. it runs nearly horizontal for three 
minutes, and gains at seven-nine minutes a minimum, where the minute 
volume reaches the resting level; it then rises again to a maximum at 
about 12 minutes which is followed by a minimum at 16-17 minutes. 
From this point the curve after a slight rise goes straight to the resting 
level. The waving course of the curve, which, according to what is said 
above, must be regarded as real, cannot have any relation to mechanics 
of respiration and the cause may therefore be sought in a periodic 
decrease and increase of peripheral resistances due to a simultaneous 
periodicity in the action of the vasomotor centre. Each period seems, 
especially evident in the case C.S.T., to be very nearly four minutes, No 
explanation of this periodicity can, however, be given at present. 

The determination of the pulse rate is less accurate than that of the 
other functions dealt ivith. The pulse rate is counted in the usual 
clinical manner on the radialis or in C.S.T. often (during work always) 
on the carotis. In the first two minutes after work the pulse has only 
been counted for some 10 seconds. This method may involve a pro- 
portionally great error in the results given in number of beats per minute 
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but as the rate changes rapidly it was considered necessary to confini 
the observations to short tin;ie intervals. During work countings ove 
longer periods are very difficult to obtain -without missing one or mor 
beats owing to unconscious twitches in the muscles. Moreover it mus 
be borne in mind, that the pulse rate is a rather labile function, th 
normal rate being often disturbed by accelerating nervous influences 
The results of the pulse countings are plotted in the curves. Fig. 1 



Like the other functions figured the pulse rate decreases rapidly when 
work ceases for one or two minutes and especially in the first half minute. 
In the table below are given the results of two countings begun three 
seconds after stop. The counting was continuous and each 10 secs, was 
marked. The figures in the table indicate the rate at 8, 18, 28 and 
38 secs, after stop. 

E.H. pulse rate after work: 

9/3 114 102 90 84 

15/3 114 102 87 — 

After the initial steep fall the pulse rate decreases evenly and slowly to 
the habitual resting level. In C.S.T., whose pulse rate at rest is high, 
the observed figures are spread evenly above and below the curve. The 
observations at 4| and 13 minutes deviate -widely, especially the last- 
named figure is very difficult to explain. In E.H., whose habitual pulse 
is rather slow, the curve might seem to be drawn somewhat arbitrarily; 
if we consider, however, the nine observations within the-first minute, the 
two at four minutes and the three at 20 minutes, it must be admitted, 
that the curve chosen is the most probable one and, that the de-viations 
from the curve may be explained as due to nervous influences. 
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From the curves representing the nunute volume and the pulse 
rate the output per beat of the heart can bo calculated and, owing to 
the straight course of the pulse curve, the curve of the output per beat 
must run parallel to that of the minute volume. When the pulse rate 
has been observed in immediate connection with the circulation expen 
ment the output per beat ma}’ be calculated from the two corresponding 
figures; ns, however, the pulse rate independent of the minute volume 
may be disturbed by nervous mftucnccs it is possible, that the results 
calculated in this manner do not represent the really existing output 
per beat. Apart from this source of error it is obvious, that all un- 
certainties on the whole experiment arising from the determination of 
the oxygen consumption per minute and the utilisation ns well as from 
the pulse counting may accumulate on the figure representing the output 
pet beat. Figures to be calculated from the cuivcs w ill show , that the 
output per beat decreases rapidly and gains an absolute minimum at 
seven to nine imnutcs after stop corresponding to the first minimum of the 
minute volume. In both caeca the output per beat during w ork is nearly 
twice the resting value. 

SujiMAny. 

The calculation of circulation experiments according to the nitrous 
oxide method is simplified. 

The direct result of the calculation is the oxygen absorption per 
litre blood. From this figure and the oxygon consumption per minute 
as determined ip a respiration expenment the minute volume of the 
heart is calculated. 

The results of experiments dealing wnth the oxygen consumption 
per minute, the oxygen absorption per litre blood and the pulse rate 
within the first 20 minutes after cessation of musuclar work in twm male 
subjects are given. 

The minute volume of the heart as calculated from the cxpenroental 
data shows that the circulation rate decreases rapidly dunng the first 
two minutes and then more slowly foUosving a rather compheated curve. 
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SEASONAL VARIATION IN THE RETICULATED 
CORPUSCLES OP AJftPHIBIAN BLOOD. 

By .T. .M. D. SCOTT. 


{From the Physiological Laboratory, Cambridge.) 

Methods. A reticulated appc.arance in the cytoplasm of the red blood 
corpuscle of the frog* (liana temp.) and the toad* (Btifo vulgaris) is very 
well and easily displayed by the following method. A specimen tube 
(size G cm. x 1-2 cm.) is three-quarters filled with -1 p.c. methylene blue 
in frog’s Ringer. The animal being anmsthctised with -5 c.c. saturated 
solution of urethane its heart is c-xposed; a small clip is fastened on the 
ape.': to weight it; the arterial arches arc cut across; the frog is turned 
belly down and the blood is allowed to flow into the raothylone-blue- 
Ringer. The corpuscles arc distributed throughout the fluid by occasion- 
ally inverting the tube. After an interval of 1-2 hours a drop of the fluid 
is e.Yamined under a iijtli inch oil immersion. At this time the reticulum 
is usually distinct, though it may go on developing in distinctness for 
several hours more. 

Appearance of a reticulated cell in methylenc-bluc-Ilinger. The appear- 
ance of a typical cell writh well developed reticulum may be taken first. 
The nucleus is always well-stained, varying in shade from light to dark 
blue, but it is sometimes violet and then stains very deeply. The chro- 
matin is well seen. The cytoplasm is of a greenish hue. The reticulum 
when well developed e.xtends throughout the cytoplasm. It is not on 
the same focussing level throughout but is of course on much the same 
level as the equator of the nucleus. It may consist either of a series of 
fine closely sot granular dots or a fine close fibrillar network, or it may 
consist of fewer comparatively coarse fibres forming a more open net- 
work. It varies considerably. It may be small in amount and faint or 
profuse and faint; it may be slight in amount and definite or profuse in 
amount and definite. It may be absent. The reticulated appearance is 
best seen in fresh preparations. The only method of fixation which does 
not destroy it is with 1 p.c. pieratc of ammonia in frog’s Ringer. 

In using the expression reticulum it is desirable to refrain from any 

' The animals used were mcamined irithin a few days after coUeetion from the fens. 
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implication as to its nature. It may be that tbe reticulum is not existent 
as such in the cell in viva, but none the less, even if it is a post mortem 
artefact, Tvoiild its production in only a proportion of cells and in a 
different proportion at different seasons be significant of some precursor 
substance or state in the cell. Nor does the use of the word reticulum 
imply that it is necessarily rigid, ft certainly does not hold the nucleus 
in position, for the nucleus may sometimes be observed displaced or 
sometimes in an oblique position in reticulated cells. 

Definite large granules are often seen in the cytoplasm. These may 
number from one to nine or ten. They may occur in cells with or without 
a reticulum, hut if they occur in reticulated cells the reticulum is usually 
coarse and scanty. They vary in siae from being almost invisible to large 
coarse granules as big as the granule of the human eosinophiie cell. They 
may occur in clumps or scattered singly throughout the cell. They may 
occur in any position in the cell and if they overlie the nucleus they are 
not on the sam^^ focal plane as it. They may occur only in a few cells or 
in all the cells. In colour they are sometimes deep blue, often violet and 
occasionally show a distinct pink tinge. They often increase indefinitely 
in size from hour to hour so long as they are under observation. 

The degeneration which occurs in some cells in methylene-Uue-Ringer. 
This is observed in the cytoplasm in a varying number of cells after an 
interval which varies in different animals and at different times of the 
year. It was observed first in marked degree in February. Attention was 
then called to it by the fact that blood run into methylene-blue-Einger 
at' midday showed degeneration in numbers of cells by 3 p.m., neces- 
sitating careful watch over the process of staining so as to get the optimum 
moment for doing the differential count. It continued to be a marked 
feature of the blood picture till June. It did not interfere with the 
differential count during the rest of the year even when 4-6 hours were 
allowed to elapse before it was made, i.e. it certainly did not occur within 
the first 6 hours and, on every occasion on which attention was directed 
to this point not to any marked extent in 24 hours, unless the animal 
was very poorly nourished. 

It usually occurs in unreticulated cells but may occur in reticulated. 
It is not affected by the strength of methylene-blue and is observed also 
in plain Ringer, In spring it renders the distinction of reticulated from 
Unreticulated cells difficult. When it occurs the cytoplasm of the cell- 
becomes granularly refractOe or takes on a ground glass appearance. 
An edge of the cell may fold over or the cell membrane may show trans- 
verse lines suggesting incomplete fractures. Finally, the cell disintegrates 
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and the nucleus appears free. In the early stages of this process the 
degenerating cell is further ohamctcriscd by the fact that its nucleus 
takes the stain comparatively poorly and sometimes not at all. 

Differences beltcecn frog and toad. These appearances — reticulum, 
metachromatic granules and degeneration — are observed in the colls of 
both the frog and the toad and no great differences are observed between 
them in these respects, except that on the whole degeneration is more 
common in frogs. This is attributed to the fact that the year during 
which these observations were carried out was a good one for toads but 
bad for frogs and the frogs were in a poorer state of nutrition than the 
toads. 

Seasonal variation in the proportion of Teliculaled cells. If a specimen 
of blood be examined in July or August one is struck by the large pro- 
portion of tcticulnted cells present. Reticulated cells are usually 
acknowledged ns being young cells and one at once associates their 
presence in such large proportion at this season with the large production 
of new cells which is believed to occur in late spring and early summer 
(Ecker). The questions then arise — if the new blood cells arc formed 
largely at this season does tho proportion of reticulated colls rise in 
summer and fall towards winter and secondly does tho reticulum undergo 
any change in appearance with tho ageing of the cell as tho season 
advances? These questions were approached by examining the blood 
from animals killed at intervals throughout the year, counting the 
proportion of reticulated and unreticulatcd cells and examining the 
character of tho reticulum at different seasons. 

Detailed results are given below in tho table, but the results may bo 
anticipated here to this extent: we may say that the reticulum in 
amphibians is much more persistent than the reticulum in the cells of 
mammalian blood. The latter is a rarity, the former is the rule; in the 
amphibian the reticulum persists in some form for the greater part of 
the life of tho cell. Its disappearance cannot be said to herald the 
destruction of tho cell. It usually does so, but in poorly nourished frogs, 
i.e. frogs which have no food material in their stomachs and rectum, there 
may be no spring formation of red cells and the unreticulated cells then 
persist throughout the summer. The ageing of the cell, in so far at least 
as it is indicated by the disappearance of the reticulum, is not at any 
rate the sole cause of destruction of the cell. That destruction is due to 
unknown factors of which one may be these changes in the cell and 
another possibly the activity of the blood destroying organs. 

In interpreting the table we must remember that we are dealing 

PH. LVIt. S 
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witli widelj' varying figures due to the mixing of animals of all ages 
collected in difierent localities and under different conditions of nourish- 
ment, but we may say that reticulated cells exist in amphibian blood in 
high proportion in late summer and in reduced numbers throughout the 
winter till spring and then disappear. The proportion of unreticulated 
cells grows steadily at their expense, to suddenly fall next summer when 
the new crop of reticulated cells makes its appearance. The time of 
appearance of the new crop is somewhat dependent on the character of 
the season and the abundance of the food supply. It is to be noted that 
the spring during which these observations were carried out (1922) was 
on the whole cold. 

Variations in appearance of reticulum according to age of cell. In the 
typical cell the reticulum is described as either of finely granular 
appearance or of fine or coarse fibrillar appearance. These may be seen 
at one and the same time in the same frog. The first two are, however, 
common when ’the fresh crop of reticulated cells first appears; the last 
appearance is common in late autumn; so that these probably represent 
successive stages in the development of the reticulum. However this 
may be, there is no doubt that in winter the reticulum is shghtly coarser 
and much smaller in amount, so that it may be represented only by a few 
coarse threads scattered here and there in the cytoplasm. In early 
winter all stages may be obser\>-ed between the fully developed coarse 
reticular network and its complete disappearance. Incidentally it may 
be remarked that this adds to the diflhculties of counting the percentage 
of reticulateds, as including aU the cells with only traces of reticulum 
amongst reticulated cells gives a wrong statistical impression of the 
appearance of the blood. Thus the change which occurs in March from 
a moderate to a low percentage of reticulated^ would appear from the 
tables to be more abrupt than it actually is, because just previously the- 
cells counted as reticulated are sho-wing each only a small amount of 
reticulum. 

In watching the changes in the blood cell throughout the seasons 
one is forced to the conclusion that on the whole, the great majority of 
them pass through a complete cycle in the course of the year and, in the 
average healthy frog or toad in a normal year, are almost completely 
replaced each spring. This rule, hke all rules, is liable to exceptions. 
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Table showiko rKiscEKTAOE or reticulated cells ik blood. 

Tho observations marked 

• were mndo in 1922; tho others in 1921. 

Kach number represents tho count on a difTcrent animal made during the month. 


Month 

Frog 

Toad 

I. 

•June 15-30 

01. 53. 10, 43, 32, 100, 07, 

80, 45. 11, 7, 0, 0. 71, 



80, 52, 78, 51 

90, 53, 40, 03, 49 


•July 

23, 07, (ki, 72,0, 17 

72, 57 


July 

100, 00, 21, 17, 93, 14, ID 

— 


•Aug. 

0, 85 

47 


Aug. 

80, 90, 9.7 

— 


Oct. 

83. 04 

— 


Average 

56% 

40 "u 

II. 

Nov. 

33 

46, 40, 47 


Dec. 



07, 53 , 22 


Jan. 

14/47 

0. 25, 0 


Feb. 



15. 31 


Mar. I-I5 

73, 80, 85, 0, 45, 32, 02 

45, 30, 32 


Average 

47 % 

no 0/ 

O- /o 

III. 

Mar. 10-31 

1. 1 

11. 8, 13, 21. 7 


Apr. 

0 

17, 3, 0. 0, 0 


Jlay 

0, 0, 0, 0, 0, 0, 0, 0, 0 

4. 3,2 


Juno 1-15 

0. 0,0 

0 


Average 

0 

r» 0 

U /t> 


Conclusions. 

The blood of the frog and of the toad shows a high proportion of 
reticulated cells in late summer. This high proportion persists for some 
time, though the reticulum changes in appearance and becomes smaller 
in amount. In late spring and early summer, prior to the appearance of 
the new crop of reticulated cells, the proportion of reticulated cells falls 
to a minimum. At this period too the cells degenerate quickly in 1-1000 
methylene-blue-Einger. The majority of the red cells of the frog and the 
toad pass through their complete cycle in the course of a year. 
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A STUDY OF THE CHLORINE INTERCHANGE 
BETWEEN CORPUSCLES AND PLASMA. 

By LUCIEN DAUTREBANDE, M.D., Louvain, 

AND H. WHITRIDGE DAVIES, M.B.^ Adelaide. 

{From the Department of Therapeutics, Edinburgh) 

In 1861 Zuntz(i) showed that after blood is saturated with carbon 
dioxide the plasma becomes capable of taking up more carbon dioxide 
in combination than is the case if it be separated from the corpuscles 
before saturation. He concluded that in the presence of an increased 
partial pressure of carbon dioxide alkali passes out from the corpuscles 
into the plasma. Later Gurber( 2 ) showed that what really happens is 
that hydrochloric acid passes into the corpuscles, thus leaving the 
plasma more affeafine, and therefore more capable of taking up carbon 
dioxide. Ham burger (3) obtained a similar result, but interpreted it 
as due to the passage of chlorine ions into the corpuscles, and further 
showed that when carbon dioxide is removed from blood the reverse 
reactions take place. Parallel with this phenomenon the corpuscles 
increase in diameter as may be shown by a corresponding increase of 
corpuscular volume by means' of the haeinatocrit. More recently 
de Boer(4) and Hamburger(5) have shown that a similar transference 
of SO 4 ions occurs on the addition to blood of carbon dioxide and of 
hydrochloric acid. Van Slyke and Cullen(e) and Fridericia( 7 ) have 
recently described series of careful experiments and have confirmed the 
essential points of the phenomenon, viz. the passage of chlorine ions 
through the corpuscular membrane under the influence of carbon dioxide. 

The experiments described in the following pages were undertaken 
for the purpose of confirming some of the previous conclusions with 
regard to carbon dioxide and in addition of ascertaining the influence of 
“acidosis” produced in various ways upon the passage of chlorine into 
the corpuscles. It is this last question which has principally engaged 
our attention. Under normal conditions of the circulation it seems 
probable that the reduction of haemoglobin is the most important factor 
in minimising variations of j>H when arteriiil blood becomes venous. 
ThbStrdnsference t)f chlorine ions caused by changes in carbon dioxide 
tension Within physiological limits must be very small. It seemed to us 
to be important to determine whether any such transference may occur 
in conditions of “acidosis.” 
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The experiments were carried out in the Department of Therapeutics, 
Edinhnpgh University. Our tlmuhs arc due to Prof. Jfoakins and -tfr 
C. R. Jlarington for assistance and nd%'ice, and to Dr J. S. Haldane 
for helpful criticism of our rcstdt.s. 

Mclhoils, In all the experiment.s normal human blood was used, 
clotting being prevented by the addition of a constant small amount of 
neutral pota.ssiuin oxalate (O-l p.c.). In all the e.xperiments with carbon 
dioxide and with other acids, the blood was fully o.xygenated. A few c.c. 
of whole blood were rcsor\’cd for c.stimation of total chloride.s, the re- 
maindpr within a few mimites of being drawn wa.s placed in a saturator 
similar to thatusedby Chris tin n.scn,Dougln sand Haldnne(S). Carbon 
dioxide or other acid was added and the saturator was then rotated in 
a water hath at 37° C., the cxcc.ss of pressure being released after the 
first five minutes. After 15 mimites the saturator was removed from 
the bath and quiekly wrapped in warm cloths. Samples of blood were 
then taken for estimation of carbon dio.xidc by the method of H a 1 d a n e (O). 
duplicate determinations agreeing to within O’O volume p.c. A sample 
of air from the saturator was also analysed with the small typo of 
Haldane gas analysis apparatus. In addition two samples of blood 
each of 10 o.c. wore placed under paraffin in graduated centrifuge tubes. 
The blood was thon.ccntrifuged at 33° C. for 45 to CO minutes, 45 minutes 
having been found sufficient for complete separation, after which the 
relative volume of plasma and cells was read off and reduced to per- 
centage. Chlorides in plasma and cells were then immediately estimated 
separately and in duplicate by the method of IVctmore(lO), the proteins 
being precipitated by copper hydroxide, phosphates and oxalates being 
subsequently removed by shaking the filtrate with a small quantity of 
calcium hydroxide and refiltering. The few experiments where the 
difference was of more than 10 mg. (i.c. 2 p.c.) in duplicate determinations 
were eliminated. pH was not measured directly but calculated from the 
formula of Hasselbalch: pH = pK -I- log taking G-1 as the 
value of pK. 

Experiments with carbon dioxide. Fridoricia(T) has shown that for 
samples of blood taken from the same animal at the same time and 
exposed to varying pressures of carbon dioxide, the chlorides of plasma 
vary in inverse ratio to the pressure of carbon dioxide. The cunm so 
constructed could be superposed upon the dissociation curve of carbon 
dioxide in blood. In our endeavours to extend these obsen'ations to 
human blood at 37° C. we found it impossible to obtain a consistent 
cuive for plasma chlorides at varying carbon dioxide pressures when 
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experiments were performed on different days. Tlie results when plotted 
fell only very approximately on tlie theoretical curve. The reason for 
this can readily be seen from the tables, \ybich show that the amount of 
total chlorides in blood varies in different people and in the same indi- 
vidual from day to day, even in spite of the fact that in our experiments 
the blood was always taken at the same time of the day (between 11 a.m. 
and 12 noon). It appears however that when the partial pressure of 
carbon dioxide increased above 150 mm, no further transference occurred. 

The carbon dioxide dissociation curve of H. W. D. has already been 
published ( 16 ). The points obtained for the blood of H, W.D. in the 
present experiments fall exactly upon this curve. This fact is of some 

fOO 
80 
80 
70 
60 
50 
40 
30 
20 

10 

0 

Fig. 1. Carbon dioxide dissociation curve forfuljy oxygenated whole blood of L. D. Upper 
curve — ^total carbon dioxide. Lower curve — combined carbon dioxide. Abscissa — 
pressure of carbon dioxide (mm. of Hg). Ordinate — c.c. vols. p.c. of carbon dioxide. 
Points marked □ are for blood after exercise of H. W. D. 

interest, as the curve of H, W. D. was determined some eighteen months 
previously, since when he has travelled round the world, experiencing 
great variations of climate. A complete carbon dioxide dissociation 
cmve for the blood of L. D, is given (Fig. I). This agrees almost exactly 
with the curve of H. W, D. and with the original curve for Haldane!®). 
Wje have always found that the corpuscular volume as shovm by bsema- 
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tocrit readings increased witli increasing tensions of carbon dioxide. 
However in our experiments where otlicr acids uere added to blood the 
limmatocrit readings were somewhat irregular. Table I slions results 
obtained on exposing blood from three different subjects to varying 
partial pressures of carbon dioxide. These results will bo further dis- 
cussed below. 


Tidlt I. Wood exposed to varjini; pirtia! presitirts of CO* 



CO, 

rrwsur^ 
ntnt lip 

, NaluSlj 

'"'TTTvr 

pKitsfl 1 

Aol oy^ofCO, 

Normal 

1 OQQ 1 (lid Une) 

llictiu 

IfKrrit. 

Cilh 

•'« 

CfiioHdi'S 

ItlU nii*mii 

1 ouai 
clilor 
ilei 
in? 

‘’/a 

'' 0 01 
total 
chlorides 
in 

ptnsmt 

0, inturatit n nf b1 

LD 

— 



55 C2 



39 8 

— 

579 

480 

72 0 

Venous 

„ 

352 

7-40 

18 3 

18 5 

335 

— 

003 

480 

83 5 

100 pc 

W.A. 

52-01 

700 

312* 

50 

357 

324 

— 

514 



315 

714 

27 0* 

48 

35 4 

302 

— 

509 

— 


n WD 

^2 5 

733 

51 G 

52 

30 7 

318 

002) 

510 

607 



1-13 3 

COG 

78 8 

60 

373 

3C0 

587/ 

70-9 


LD. 

113 

7C5 

35 5 

335 

37 

275 

C2G 

463 

819 



C71-0 

G41 

1400 



13 3 

015 

557 

189 

75 8 


L D. 

C8 

780 

23 

21 

30 0 

258 

003) 

510 

82 4 



105-0 

0 87 

02 3 

— 

393 

320 

COO) 

73 3 



•>onnal acidosis. Groning boy (see Schlosn, J Di^ oJChld,\Z,^ 210) 


TMitB If Blood at difTerent degrees of oxygen saturation. 


LD 

24 3 

750 

13 2 

12 

40-0 

291 

593 

JOS 

731 

10 % 


24 3 

750 

43 

42 

10-8 

271 

591 

4C2 

73 9 

100 % 

LD. 

321 

7 17 

52 7 

47 

315 

289 

COS 

512 

77 7 

Reduced blood i 


380 

737 

510 

60-0 

331 

280 

C07 

500 

812 

100% 

H.W D 

37 9 

745 

51 97 

49 8 

— 

281 

5781 

4C0 

.1.. 

0% 


430 

730 

{jO-98 

52 1 



282 

575) 


100 % 

n w.D. 

220 

7 54 

14 57 

40-5 

331 

235 

481) 

102 

76 0 

1% 

» 

28 4 

7 42 

11 67 

414 

356 

232 

490/ 

79 3 

100% 




Taule III 

Addition of acid to blood 




LD. 

30 8 

725 

38 1 

49 5 

27 4 



5791 

512 

821 

03 c c lactic aad 


301 

7 39 

50 

49 

281 

— 

581) 

815 

Normal 

H WD 

70 

7 57 

15 5 

255 

352 

329 

(31 

609 

80-1 

03 c c lactic acid 


70 

7 79 

2o 8 

25 5 

33 

335 

031 

507 

83 7 

Normal 


27 


0 

10 

303 

423 

C20 

520 

75 9 

■13 cc lactic acid 


02 

7 85 

21 

23 

303 

309 

089 

527 

832 

Normal 

LD 

79 3 

0 97 

45 

06 

38 G 

301 

0051 

515 

721 

05 c c oxybulynf 


075 

7 21 

03 

02 5 

385 

341 

025/ 

74 6 

Normal 

H W D. 

091 


0 

9 

36 0 

399 

0121 

530 

72 3 

•l&c c oxybutynt 
No^al 


271 

806 

10 9 

IG 

351 

267 

075) 

817 





Table IV. Severe exercise 




n w D. 

10 4 

729 

62 

535 

32 4 

SOT, 

C33 

525 

815 

Normal 


415 

721 

419 

52 

319 

314 

039 

545 

79 8 

After severe eieu 


48 3 

7 27 

54 

54 

351 

320 

012 

499 

79 0 

Normal Hb 96 *■ 


43 0 

7 21 

40 

525 

381 

313 

G15 

500 

761 

After severe eve 


Hb 103% 


Each pair of obser\ ations, 1 o, 1 etc , were made on the same doj, using different portions of the 
same sample of blood except in Table IV 

Observations with reduced hcomoglobin. Christiansen, Douglas and 
Haldane(8) have shown that oxyhemoglobin behaves as if it were more 
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acid than reduced hemoglobin. We have endeavoured to ascertain 
■whether this property has any influence on the transference of chlorine 
from plasma to corpuscles or vice versa. The blood in the saturator was 
exposed to a current of hydrogen freed from acid by being first passed 
through a wash bottle containing caustic soda. In order to accelerate 
reduction, the saturator was placed in the bath at 37°. Five to ten 
minutes were sufficient for almost complete reduction. As can be seen 
from Table II, blood with hemoglobin reduced to 2p.c. of oxygen 
saturation and then exposed to carbon dioxide has a pH (calculated) 
of 7-47 while with folly oxygenated hemoglobin the pH is 7-37, In spite 
of a difierence of carbon dioxide pressure in the experiments 3 and i 
of 6‘5 mm. of Hg in favour of the oxygenated blood, it still took up less 
carbon dioxide than the reduced blood. The calculated pH changes 
from 7*37 to 7*4:7, yet there is no difference in the chlorine percentage 
of the plasma. These results were confirmed later in experiments 5 to 8. 
In spite of increased carbon dioxide combining power in reduced blood, 
the chlorine transference does not take place. This seems to indicate 
that in the living body, where the oxygen desaturation of mixed venous 
blood is about 30-40 p.c., and the increased carbon dioxide pressure 
about 8 mm. of Hg, the interchange of chlorine when arterial blood 
becomes venous would be very small, scarcely beyond the limits of ex- 
perimental error. Our results for carbon dioxide content and calculated 
pH given in Table II fall exactly upon the curves given by Parsons(i2t 
Exps. 6 a and 6 b are interesting in that there appears no increase of 
carbon dioxide capacity when the hmmoglobin is reduced. This result 
accords with those of Henderson and Haggard<i7), which have been 
discussed by Van Slyke{i8) and also by Douglas and Haldanepe). 
We attribute this result to delay (34 minutes) -while the blood was being 
reduced and consequent lactic acid formation facilitated probably by the 
low partial pressure of carbon dioxide as shown by Lovatt Evans( 20 ). 
Our later results where precautions were taken against delay show results 
which accord with those of Christiansen, Douglas and Haldane(8), 
Acids other than carbon dioxide. (1) Experiments with lactic acid were 
performed in two manners— firstly by the addition of lactic acid to blood 
in vitro and secondly by the production of lactic acid in vivo by severe 
muscular exercise. Ryff el(i3) has shown that blood after severe exercise 
may contain *07 p.c. of lactic acid, so for an experiment in vitro, to 
25 c.c. of blood we added *03 c.c. of 9-7 N lactic acid in order to, obtain 
an increase of hydrogen ion concentration nlthout exceeding the physio- 
logical limits. In Exp. 10 we added this amount of acid, firstly with 
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blood exposed to partial pressures of carbon dioxide within physiological 
limits and aftenvards (Exp. 11) with a very low carbon dioxide pressure, 
but sufficient however to leave some of the “ bicarbonate rcsor\'e ” intact. 
In none of these e.xperiments were we able to detect any chlorine trnns- 
ferenee between plasma and corpuscles. In Exp. 10 the carbon dioxide 
capacity is diminished by 23 p.c. which agrees sufficiently with the value 
of 24 p.c. given by Mellanby and Thomas(lD) for the same quantity 
of acid. In Exp. 12 it is diminished by 39 p.c. It is noteworthy that in 
Exp. 12 where the quantity of acid was the same as in Exp. 10 the fall 
of carbon dioxide combining power is less (10 vols. p.c. instead of 11-5 
below the normal curve). 

Van Slyko and Cullcn(O) have shown that when the acid added 
to plasma corresponded with about half of the bicarbonate present, the 
fall of "alkaline resen'e” corresponded approximately in molecular 
equivalents to the quantity of acid added. If the acid increases the fall 
of bicarbonate is not corresponding. In Exp. 13 a we added a quantitj' 
of acid sufficient to neutralize all the bicarbonate ; in this case there was 
a considerable transference of chlorine. 

Hamburger(S) has shown that an interchange of chlorine ions was 
produced on the addition of acid to the blood. One must remark, 
however, that ho used far greater quantities of acid than were used in 
our experiments; and, just as in our Exp. 13 a the whole of the available 
alkali must have been neutralised. 

When introducing strong acids to blood in order to prevent any precipitation on tho 
aides of the saturator or other groaa damage to corpuscles, our tcchniquo was as follows: 
The blood was introduced by means of n 25 o.c. pipotto into tho bottom of tho saturator 
which was held vertically, tho acid having been previously spread as diffusely as possiblo 
on the upper part of tho sides. Tho saturator was then corked and tho whole contents 
suddenly and violently agitated. By this method it was possible to avoid obvious damage 
to colls by tho strong acid. When tho blood was subsequently centrifuged, no haimolysis 
and no layer of precipitated proteins at tho bottom of the tube were observed. The general 
technique of our experiments with lactic acid (0*13 c.c. of 9’7 normal acid with 25 o.c. of 
blood) as well as with ^-oxybutyrio acid (0-16 c.c. 7-6 normal acid for 26 c.c. of blood) 
differed slightly In some cases from our usual technique described at tho beginning of this 
paper in that the air of tho saturator, after the addition of tho acid, was as far as possible 
freed from carbon dioxide by means of a current of air sucked through by a filter pump. 
The saturator was placed in tho bath for five mins, after which it was taken out and again 
connected with the filter pump in order to remove any further carbon dioxide liberated 
from the blood by the acid. After this tho procedure was the same as described above. 
By this means the blood could bo equilibrated with an atmosphere almost completely 
free of carbon dioxide. 

As regards muscular exercise two experiments (Table IV) were under- 
taken, both on the same subject (H. IV. D.) and differing only as regards 
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the duration of the exercise. The first consisted in pedalling on the 
Martin bicycle ergometer for an hour at the rate of 592 kilogram-metres 
per minute. At the end of each quarter of an hour the work was in- 
creased to 1576 kg.-metres per minute for 5 mins. After the exercise 
the subject experienced great exhaustion accompanied by nausea and 
dizziness. The second experiment was more complete, samples of urine 
being collected before and sfter the exercise, and the alveolar air being 
estimated. The duration was less and the exercise more violent, the 
object being to obtain a maximum acidosis by minimising the com- 
pensatory processes which probably occur with less severe exercise over 
a longer period. So as can be seen in the following protocol the acidosis, 
was greater. 

Subject H. W. D. Barometer 753. 

11 a.m. Resting. 11.15. Bladder emptied. 

11.30 Blood drawn — at 48-3 mm. CO^ pressure, blood took up 54 vols. p.c. o£ CO 2 . 
(Normal 54 alkaline reserve ± 0.) 

12.30 p.m. Resting on bioyele ergometer. 

12.45 Alveolar air CO; 5-87 p.c. =:41-4 mm. CO; pressure. 

12.47 Urine collected. 11.15 a.m. to 12.47 pirn. 370 c.c. containing 14% N/10 
alkali. Ammonia nitrogen 0-0 mg. % . Urea nitrogen 224 mg. %. Ammonia: 
urea nitrogen ratio 0. NaCl 635 mg. % . Albumen 0. Acetone bodies 0. 

12.48 Pulse 70. Respirations 13. 

12.50 Commenced pedalling on ergometer. Rate of work 082 kg.-metres per min. 
Pulse 111. Resp. 25. 

12.52 982 kg. metres per min. Pulse 112. Resp. 26 

12.54 982 „ „ „ 110. „ 26. 

12.56 982 „ „ „ 110. „ 26. 

12.58 Resting. Pulse 120. Abundant perspiration. 

12.59 „ „ 100. Resp. 19. 

1.0-1.2 1629 kg.-metres per min. Maximum possible effort. 

1.2 Work stopped. Pulse 120. Exhausted. 1.3. Pulse 100. 1.4. Pulse 88. 

1.5. Pulse 100. 

1.7 Alveolar air CO.. 6'70 %=40-2 mm. CO; pressure. 

1-8 „ „ 4-94% =34-9 „ 

1.10 Blood drawn. At 43 mm. CO; pressure blood took up 40 vols. p.c. of CO;. 
(Normal 52-5 .'. alkaline reserve - 22 %.)* 

1.15 Urine coUeoted. 12.47-1. 15 p.m. 54 c.c. containing 6'6 % N/10 acid. Am- 
monia nitrogen 19-6 mg. %. Urea nitrogen 246-4 mg. %. Ammonia: urea 
nitrogen ratio -079. NaCl -635 mg. %. Albumen 0. Acetone bodies 0. 

2.15 Urine collected. 1.15-2.15 p.m. 58 c.c. containing 24 % N/10 acid. Ammonia 
nitrogen 50-6 mg. %. Urea nitrogen 243-4 mg. %. Ammonia: urea nitrogen 
ratio 0-207. NaCl 1073 mg. %. Albumen 0. Acetone bodies 0. 

* Further details in Table IV. 

In the above experiment the titration of alkaline urine was done by the method pre- 
viously described by Davies, Haldane and Kennaway (16). Acid urines were titrated 
to pH 7-43 in Cole’s comparator using phenol red as indicator. 


Theipercentage of chlorides in the cells (Table IV) is increased while 
that in the plasma remains unmodified. The analysis of the urines is- in 
itself very instructive. Before commencing the experiment the urine 
was alkaline (a saline purgative ha-ving inadvertently been taken earlier 
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m the da) ) and the subsequent changes cxliibited in a inarlxcd degree 
the production of acid, and tlie change in ainmonin-iirea ratio during 
lica\')' muscular riork The ohguna during and even one liour after tlic 
exercise uas xci)’ striking Also the urinary chlorides remained at 
exactly the same level as before the expeninent and weie increased onh 
one hour afterwards when, as has been shown b) Ryffol(i3) and b) 
Douglas and llaldane(il), the lactic acid has been completely oxidised 
or climiiiated Unfortunately the qiiantit) of urine was insullicient to 
allow of phosphate estimations being made 

(2) Experiments iii t'ltro with ^ox)but)nc acid were earned out 
with exactly the same technique as with lactic acid, and the results were 
identical AVe used T-G normal acid, kindl) prepared for us b) Mr 
Har\ngton When it was added to the blood in the manner described 
above no dcstniction of blood cells occurred The results (Exps 13 and 
14) show that when all the “bicarbonate reserve” is not neutralised the 
transference of chlorides does not take place In Exps 13 a, 13 b theie 
IS an increase of chlorides in the corpuscles and decrease in that of the 
plasma with acidified blood, but the carbon dioxide pressure is much 
higher and probabl) the chlonno ion iiiterchange is due to this The 
experiment when repeated with 0 IS c c of acid for 25 c c of blood, m 
order to neutralise all the bicarbonate, shows a considerable chlormo 
shift 

Discussion op Results 

It IS not necessary to discuss extensively the results for the experi- 
ments with carbon dioxide alone Our work has merely confirmed the 
well-known results of previous workers, but is slightly more complete 
in that we have estimated the clilonnc percentage in the corpuscular 
mass ns well as in the plasma after centrifugation We found it im- 
possible to obtain a consistent curve for percentage chlondes in plasma 
or percentage of total chlondes in plasma with varying carbon dioxide 
pressure, or varying pH This can partly be explained by the fact that 
the experiments were performed on difierent subjects on different da)s 
and with different percentages of chlondes in w hole blood The variation 
in total chlorides may bo very large, thus in the case of H W D there 
vv as a change of ov'er 50 mg on tw o consecutive days (Exps 8 and 9), 
while in Exp 15 after exercise his total chlondes were 545 mg p o and 
in Exp 14 a year later they w ere 402 mg pc At present we are unable 
to suggest any explanation for this vanation In the case of L D tlie 
maximum difference was 53 mg These factors should be partly elimi- 
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nated by taking bsematocrit readings and, knowing the percentage of 
NaCl in plasma and corpuscles respectively, calculating the percentage 
of total chlorides present in the plasma. Unfortunately our hematocrit 
readings were not always reliable — duplicate readings often failed to 
agree within 2 p.c. so that we lack accurate quantitative data for this 
calculation. It appears further that there may be some other factors 
involved. Possibly there may be changes in the corpuscular membrane 
as regards permeability to salts and to water, or variations in the 
hydrophilic and hydrophobic characters of the various colloids. All our 
experiments have shown that on a given sample of blood an increased 
partial pressure of carbon dioxide causes passage of chlorine from plasma- 
to corpuscles but we have been unable to obtain consistent quantitative 
results similar to those of Fridericia who performed all his experi- 
meiits on the one sample of blood. 

For the other types of acidosis in vitro mthin phjmiological limits 
no measurable chlorine transference occurs, even when the bicarbonate 
reserve is greatly diminished. This effect comes into play only when 
all the bicarbonate has been neutralized. The following seems to us to 
be the most probable explanation. When any acid is added to the blood 

it attacks the alkaline salts of the proteins as well as the bicarbonate, 

^ H CO 

the alkaline proteinate being the first attacked and the ratio jifjifcb' 
being maintained, at least with small quantities of acid. Only when the 
greater part of the alkaline proteinate is neutralized does the acid 
combine with the bicarbonate, and after that with the sodium of neutral 
salts, the latter being the most stable. This seems true as well for 
HgCOg as for stronger acids, the HgCOg having combined -with all the Na 
of the proteins it cannot further combine with NaHCOg, so that it then 
attacks the basic radicles of the neutral salts. This hypothesis is proved 
by the fact that on adding a little more than -12 p.c, of lactic acid to 
the blood (Exps. 10 a, 10 b) all the bicarbonate would be neutralized if 
the acid combined first mth bicarbonate before attacking the Na pro- 
teinate. Instead of this being the case, the carbon dioxide content of 
blood treated in this way was only 10 and 11-4 vols. p.c. below normal, 
the carbon dioxide pressure being respectively 7'6 and 36*8 mm. of Hg. 
Moreover if we add *12 p.c. of lactic acid to a sample of blood at a very 
low pressure of carbon dioxide (Exps. 11 a, 11 b) aird thus with a low 
bicarbonate content, the bicarbonate would be immediately neutralized 
if the fixed acid combined first with it. This is not so, for at these low 
carbonNiioxide pressures the acidulated blood still contains relatively 
slightly more carbon dioxide than at higher carbon dioxide pressures. 



CIILOlUNE IN BLOOD. 


45 


That is, at low pressures of carbon dioxide the “bicarbonate reserve” 
is less diminished than at high carbon dioxide pressures on the addition 
of the same amount of fixed acid. This shows conclusively that the 
proteins are weaker acids than is H.COj, and are the first to be turned 
out on the addition of a stronger acid. Although no chlorine transference 
occurs in r'itro until all the bicarbonate reserve is neutralized, yet with 
an acidosis in vivo it is obvious that reduction of bicarbonate reserve 
would cause the transference to occur more readily when the blood 
becomes venous, just as in Exp. 10 b, because under such conditions the 
available alkali combined with proteins is diminished. 

As regards our experiments rvith reduced hairaoglobin no further 
comment is necessary’. They show definitely that at constant carbon 
dioxide pressure no chlorine shift occurs ns a result of oxygenation or 
reduction of hiemoglobin. 

The experiments in which severe exercise was performed show many 
interesting results. • The absence of diminution of plasma chlorides is 
the same as occurs with small quantities of lactic acid added in vitro. 
The increased percentage of chlorides in the cells is a phenomenon which 
is difficult to explain. The following facts are certain: 

(1) In the first experiment where the exercise was of long duration 
the chloride percentage of the whole blood was increased. 

(2) The hmmoglobin percentage is increased, but the increase is 
greater than that of the chlorides. This is probably due to the increased 
capillary circulation washing out corpuscles from stagnant capillaries. 
It seems that, apart from their role in the regulation of blood alkalinity, 
the chlorides may also play a part in the regulation of osmotic pressure 
in the plasma, and may by some unknown means be retained in the 
corpuscles in order to maintain the normal osmotic pressure of the 
plasma. We are unable to offer any elucidation of the mechanism of 
this retention. Nolf(i5) considered that in the maintenance of the 
normal osmotic tension of the plasma, the chlorine shift coidd be suffi- 
ciently accounted for by the varying carbon dioxide pressure, but our 
experiments appear to indicate that some further factor is involved. 
In our second experiment with exercise there was no increased chloride 
percentage in whole blood. This was due probably to the shorter dura- 
tion of the exercise and smaller loss of water. The increased h:Emoglobin 
would be due probably to the flushing out of the capillaries. 
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Summary. 

1. Our results with carbon dioxide are in accordance with those of 
Zuntz, Giirber, Hamburger, Van Slyke and Cullen, Fridericia 
and other workers, except that under the conditions of our experiments 
we were unable to obtain quantitative results similar to those of 
Fridericia. 

2. The carbon dioxide dissociation curve for one of us (L. D.) is 
published. Results for H. W. D. show that his dissociation curve already 
published remains unaltered. 

3. With constant partial pressure of carbon dioxide, reduction of 
haemoglobin produces no chlorine transference. 

4. Acids other than carbonic acid whether added to the blood in 
vitro or produced in vivo do not of themselves cause any chlorine trans- 
ference unless they be present in quantities sufficient to neutralize the 
whole of the “bicarbonate reserve.” 

5. Experiments with severe muscular work appear to indicate that 
chlorine transference may occur not only for the regulation of the blood 
alkalinity, but also possibly to maintain the normal osmotic pressure 
in the plasma. 
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CALIBRATION OF THE REVERSION SPECTROSCOPE 
FOR THE ESTIMATION OF CO IN BLOOD. 

By II HARTRIDGE 

(From the Physiological Laboratory, Cambridge) 

A SPECTROSCOPIC method of estimating the percentage saturation of 
blood pigment mth carbon monoxide gas has been described in a 
previous paper(l) In this paper certain modifications in the method of 
calibration are gix on 

Determination of the constants of the double uedge shaped trough The 
troughs ate made of patent plate glass cemented together by an acid 
resisting fusible glass, the u hole being then mounted on a plate of glass, 
J-inoh thick, by means of Canada balsam A suitable sized trough has a 
length inside of 10 cm , a Midtli inside of 2 2 cm , and a depth inside of 
2 o cm If the diagonal partition is made from plate glass 2 mm thick, 
then the thickness of the liquids held SMthin the trough will be 2 0 cm 
One compartment of the trough should be marked “02Hb” and the 
other “COHb ” 

By examining in turn the reflections which occur at the six surfaces 
of the two long glass sides and the middle partition of the trough, it 
may be ascertained whether these surfaces arc optically flat If they 
are found to be flat a steel mm scale may be used for measuring the 
thicknesses of the two wedges of fluid which will be contained in the 
trough when it is filled If they arc not flat, the thicknesses of the two 
wedges of flmd must bo ascertained by means of a micrometer micro- 
scope A suitable objective for this purpose is found to be IJ-inch by 
Baker The eyepiece should magnify 10-16 diameters and should be 
fitted vnth a cross ware The constants of the trough are now determined 
as follows — On the inside surfaces of the trough some lycopodium 
particles are scattered, and the trough is placed on its side on the stage 
of the micrometer microscope so that the distance between the different 
glass surfaces can be determined The lycopodium particles on each of 
the glass surfaces are now focussed in turn, choosing those nearest the 
cross wire of the eyepiece This process is repeated for different positions 
of the trough, say at places 1 cm apart from one end of the trough to 
the' other The trough should not be moved tiU the four measurements 
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A, B, G and D are complete for each position. A, B, 0 and. D refer to 
the surfaces as shown in Fig. 1. 



Fig. 2. 



Fig. 3. 



Fig. 4. 


CJC 




* 





The results are tabulated in this manner: 


Position of trough measured on scale Slicroscope readings 

fitted to microscope stage A B O ■ JO 


etc. 

When the results are completely tabulated, three columns are calculated 
horn them viz.: 

Position of 

trough C~B B-A JM? 


etc. 

(0-B and X>-j 4 should both be neatly conatant, and tlsia permits of the results being 
oheched.) 
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Tho Iftst column Iicndod — I? equaU tho p.c. sntnrnlion of tho Iinomo- 

globln with CO gas. 

The filling of the double wedge trough and the calibration of the spectro- 
scope. The spectroscope is screwed to n board measuritig roughly 15 cm. 
by 25 cm., as shown in Figs. 2, 3 and 4. In front of it are screwed guides 
for tho double wedge trough and a nim. scale for determining its position. 
A very suitable source of illumination for the instrument is one supplied 
by Ogilvie for microscopic illumination. It consists of an Ediswan 
“Fullalyte” lamp mounted inside a metal box in the side of which 
is a small aperture. The board above referred to and the metal box 
containing the lamp arc screwed to a bench (a place being selected that 
can be rendered fairly dark), their relative positions being such that good 
illumination of the spectroscope slit is obtained. Cardboard or metal 
screens are placed round the eyepiece of tho instrument in such a way 
that bright light cannot enter the eye of tho observer. 

Into a litre flask is placed 20 c.c. of filtered ox blood and 380 c.c. of 
distilled water to which a trace of KOH solution has been added. Some 
of this solution is put into one of the compartments of the double wedge 
trough, the other compartment being filled nith water. The double 
wedge trough is placed in front of the spectroscope and the spectrum 
of different thicknesses of the solution examined. The trough is adjusted 
until the a band appears sharpest, which is usually found to be the case 
when the width of the a band is equal to the bright area between tho a 
and p bands. See Fig. 2. Tho position of tho trough is now observed and 
reference made to the pre\'ious table for values of A, B, C and D. From 
these ^^7^* X 100 is calculated. This quantity is tho amount of water 
in c.c. that has to be added to every 100 c.c. of solution of blood in order 
to bring it to the correct strength. With the trough in the optimum 
position 20 or more readings are taken of the wave lengths of the bands 
rvith the reversion spectroscope. The mean of these readings gives the 
micrometer readings for O^Hb. The temperatures also should be noted, 
because it has been found that the wave length of these bands changes 
with temperature (3). Into each of two 200 c.c. flasks roughly 100 c.c. 
of the diluted blood solution are placed. Both are thoroughly shaken. 
One is labelled OaHb and is corked and placed on one side, the other is 
filled rvith carbon monoxide gas. The filling of the vessel with nearly 
pure gas is readily carried out by allowing it to bubble slowly under the 
layer of foam produced by the previous shaking. This vessel is now 
thoroughly shaken so as to saturate the blood solution. To the saturated 
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solution is added a few drops of ammonium sulpbide solution; this 
absorbs the oxygen present and it therefore eliminates the risk of the 
carboxy-hgemoglobin being subsequently dissociated by accidental ex- 
posure to a bright light. Coal gas, if rich in carbon monoxide gas, may be 
used for saturating the blood solution, but it is better in this case to 
renew the gas in the flask three times and to shake very thoroughly 
after each renewal. 

Into the compartment of the double wedge trough labelled “ COHb ” 
is poured some of the solution, prepared as described above, until it is 
about two-thirds full. The top edges are smeared with a little vaseline 
and a plane glass cover plate pressed into hermetic contact. When the 
joint is seen to be thoroughly gas tight the other compartment is filled 
with the oxyhsemoglobin solution contained in the second flask, and the 
trough is then placed in front of the spectroscope. 

Difierent thicknesses of the two solutions are now set opposite the 
spectroscope slit so that the light entering the instrument has en- 
countered different numbers of molecules of the two pigments. For each 
position of the trough the spectroscope is used for measuring the positions 
of the absorption bands until approximately 100 readings have been 
taken altogether. The readings should be tabulated thus: 

(1) (2) (3) 

Position of trough as D-C Spectroscope 

read from scale 2j_(7 reading 


The calibration curve is obtained by plotting the values in column (2) 
against those in (3). 

The accuracy of the determinations. Experience shows that the mean 
values of ten readings taken by the same observer of the same blood 
sample seldom differ from one another by more than 1 Angstrom unit 
in wave length. Under favourable conditions a practised observer will 
obtain values the means of which differ by less than a.u. 

Reference to the typical calibration curve given in my earlier paper 
(i: Fig. 9) will show that -|a.u. corresponds to rather less than 1 p.c. 
in the percentage satxrration of blood with carbon monoxide gas. Dupli- 
cate sets of readings obtained by two observers using different instru- 
ments were seldom found to differ by more than 1 p.c. 

The various physiological factors which affect the accuracy have 
been previously considered (2). Briefly it is found that an unfatigued 
observer working with a nearly dark adapted eye obtains the most 
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reliable results. Eyestrain and difficulty in focussing the spectra owing 
to insufficient power of accommodation, or to abnormal refraction, are 
both found to prejudice accuracy. It is of some physiological interest 
to observe that the accuracy with which the eye determines the wave 
length of the a absorption bands of Oj and CO hojmoglobin is nearly 
ns great ns that with which it con observe when two sharply defined 
lines are set into coincidence. The cause of this considerable accuracy 
and the factors affecting it are to be described fully elsewhere. 

When the calibration of the spectroscope is completed, and the 
instrument is being used for experimental purposes, readings should be 
made on the a band of o.xyhnrmoglobin taken wherever possible from 
the same source and made at the same temperature as that of which the 
CO saturation is being determined. By this means errors can be elimin- 
ated which arc due to temperature, to change in the eye of the observer, 
to change in the wave length readings of the instrument and to ab- 
normality in the positions of the a band of the blood sample. 
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In the case of almost all optical instruments the value of the resolving 
power and the effects of aberrations in modifying that power are accu- 
rately known, because it is possible either by magnifying the image 
highly, or by some other method of analysis, to check theory, and to 
ascertain quantitatively what the intensity of illumination from point 
to point of the image may be. In the case of the eye the resolving 
power and effects of aberrations are not accurately known, because it 
has not hitherto been found possible to examine the image formed on 
the fovea in any greater detail than that provided by the foveal cones 
themselves, and this is quite insufiBcient for such a purpose. Bor this 
reason the subject of visual acuity is devoid of a firm basis. It is known 
that certain experimental values are obtained, but it is not known 
exactly why they should be obtained, rather than other values. One 
assumption has been made in the past, namely that the finite diameter 
of the foveal cones sets a maximal limit to the resolving power of the eye, 
and various calculations of the performance of the eye under different 
circumstances have been made on this basis. I shall show in this paper 
that this assumption has been made on insufficient grounds, and that 
the experimental performance of the eye does in certain cases exceed 
the calculated values thus made. In a previous paper(3) I showed that 
another method of attacking the problem existed, namely to calculate 
mathematically what the combined effects of diffraction and chromatic 
aberration on the images formed on the retina would be, in this paper 
I have extended the method to the calculation of the intensity of illu- 
mination of different foveal cones in the case of various test objects. 
By this means the visual acuity of the eye has been placed on a mathe- 
matical basis. 
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1. Histological and optical limits to resolving power. Visual acuitg 
for contours, their positions and movements. 

The rcsoh’ing power of the eye Ims been found to be different by 
different methods for testing it. It was found by Hooke that two stars 
have to be separated by approximately one min. of arc in order that 
they should be seen separated by the eye. The distance between the 
bright bars of a grating in order that resolution should occur have been 
found to be of the same order, in general slightly less, as shown in the 
followng table: — 



Value at retina 

Anglo in seconds 

Obscn'cr 

in 

of arc 

LiRtor 

4G 

64 

Hirschmann ... 

:»c 

60 

Borgmann 

3-8 

52 

Helmholtz 

4C 

64 

Uthoff 

40 

60 

Cobb 

40 

64 


Mean 4*2 

68 


The resolving power of an optical instrument advanced by Fraun- 
hofer in the case of the telescope, and Abbe in the case of the micro- 
scope — assuming pupil 3 mm., and white light — gives the least angle 
separating two objects which the eye can resolve as is slightly less still, 
namely about 41 secs, of arc. 

The theory which has been put forward and which is commonly still 
held by physiologists and ophthalmologists, to account for the limitation 
of the resolving power of the eye, is that it depends upon the size of 
the cones in the fovea (that the two images should fall on tw-o different 
cones, having an imstimulated cone between them). The size of the 
foveal cones has been differently estimated by different observers, as 
follows; — 


Observer 


Value in ft for 
diameter of cone 

Max Schnltze 


2-8 

H. Muller 


less than 3’0 

Merkel 


30 

Wadsworth ... 


26 

Kiihne ... 


20-2*5 

Kbiliker 


4-6-6-4 

Kostcr ... 


4-4 

Grief ... 


26 

Dimmer 


30-3*6 


Mean 3-2 


If the focal length of the eye be assumed to be 15 mm. then 3-2/x 
corresponds to an angle of 44 secs, of arc. On the smallest estimate (2/x) 
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the angle separating the centres of two. bright objects would be not less 
than 28 secs, of arc, on the largest (5-4p,) it would be 74 secs, of arc. 

But the resolving power for certain objects is much greater than 
that found for double stars or for gratings; it is greater than that esti- 
mated by considering the eye as an optical instrument, and greater than 
can be accounted for on the theory of its dependence on the size of the 
cones. Thus Volkmann appears to have been the first to point out in 
1863 that under certain circumstances, the acuity of the eye can greatly 
exceed the value of 1 minute of arc. He determined the smallest differ- 
ence between the breadth of two white contours (on a black ground) 
that can be perceived by the eye. The least perceptible difference in 
angle that they subtend at the eye he found to be as little as 10 secs, 
of arc. Wulfling in 1892 confirmed Volkmann ’s observations and 
obtained values of 10 secs, to 12 secs, of arc. Hering in 1899 showed 
that the edges of two rectangles did not appear in line with one another 
if there was a relative displacement of approximately 10 secs, of arc. 
He gave to this abihty of identifying such small displacements the term 
“sense of position” and he inferred that this property of the eye was 
one altogether different from the ability to resolve gratings, double stars 
or similar objects, to which the term “visual acuity” had been applied, 
I have recently confirmed Hering’s observations by means of a test 
object consisting of a white circle some 5 cm. in diameter, having at 
one point on its circumference, 10 mm, in length, a small excrescence, 
2 mm. in width. This was mounted on a sheet of black paper so that 
the disc could be rotated into different meridians about a pin passed 
through its centre. The excrescence was placed in different meridians 
by an assistant, and was observed at increasing distances until the point 
w^as reached at which the position of the excrescence was correctly 
observed 8 times out of 10. The distance was found to be 130 feet, and 
this gave a value of 11 secs, of arc approximately.- That is, a value 
corresponding almost exactly with that of Hering and previous ob- 
servers. It is clear then from these experiments that so far as observing 
the relative position of objects is concerned, the discriminating power 
of the eye is very much greater than the limit set by the diameter of the 
foveal cones. Other observations with the coincidence method confirm 
this view. Pqr example, it has been found by Brian and Baker(i) 
that the accuracy with which two lines can be set into coincidence with 
one another varies between approximately 8 secs, of arc and 10 secs, 
of arc. I have found, moreover, that objects with blurred outlines such 
as absorption bands can, imder certain circumstances, be set into align- 
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ment with an accuracy of approximately 11 secs, of arc, that is, with 
an accuracy not very inferior to that obtained for sharp lines by Brian 
and Baker. The following table summarises these and other experi- 
ments. 


Tost 

BInck lines 
White 
Split lino 
Bisection 
Black lines 

Absorption bands 


Displacement of 
Angle in seconds retinal images 
Obscn-cr of arc in n 


Bryan and Baker 

12 

•87 

03 

•C9 


8 

•58 


8-5 

•G2 

Hartridgo 

8-5 

•02 

Strntton 

7 

•51 

Hartridgo 

11 

•70 


Mean 9-3 

•07 


Experiments show moreover that the eye is able to perceive narrow 
black contours seen against a bright ground when their edges subtend 
at the eye an angle of. 4 secs, of arc. I have found, for example, that a 
black wire on a bright ground (not self luminous) is still recognisable 
when the angle which its edges subtend at the retina is approximately 
3'6 secs, of arc, and in the table'below are given values obtained by other 
experimenters for somewhat similar test objects. 

AcuUy of vision for black line on bright ground. 

Seconds of arc 

. Aubert 0 

Smith Kastnor ... ... ... 3'5 Spider’s web 

Hartridgo 3'0 Bright brass wire* 

Hattridge and Owen 3-1 Black brass wire* 

Mean 4*0= ’no n at retina 

• Both mounted in front of white paper at such a distance that no shadow was cast. 

Recent observations on the acuity of stereoscopic vision by 
Breton( 2 ) have shown, moreover, this same high degree of accuracy, 
when the eye is used as an instrument for perceiving displacements of 
images. The values ^ven in the following table show that the error of 
observation may be as low as 4 secs, of arc. 



Angle in 

Retinal acuity 

Observer 

seconds 

in ft 

Pulfrioh ... 

10 

•7 

Heine 

6-lb 

•4-0 

Bowdon ... 

6 

•35 

Crawley ... 

3* 

•20 

Breton 

4 

•28 


Mean 8*2 

•59 


♦ Probably an approximate value only (13). 
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In the following pages I propose to show how these various results 
can he harmonised. 

2. Relation between ihe form and position senses, and visual acuity. 

The questions which come up for consideration are therefore these. 
Is there any essential difference between the form and position senses 
and visual acuity? How is this high accuracy in the position and form 
senses to he explained, and lastly, how is it to he reconciled with the 
diffraction theory of light which, apart altogether from the diameter of 
the foveal cones, sets a limit to the fineness of structures which the eye 
should he capable of resolving? 

It is well known that the images formed on the retina do not in any 
way correspond to those defined by the rules of geometrical objects. 
Calculations based on' the diffraction theory of light show that the image 
of a point source of light consists of a diffraction pattern of somewhat 
complicated structure, and of a size which varies inversely as the dia- 
meter of the pupil. The effects of chromatic difference of focus and 
chromatic difference of magnification, have already been considered in 
a previous paper (3). It is sufficient to point out here that the effect of 
this aberration makes the image pattern still larger. It is found to vary 
directly as the diameter of the pupil. If, then, we imagine the pupil of 
the eye to be initially 3 mm. and that the pupil he increased, the effects 
of diffraction will he decreased so that the image formed on the retina 
will be improved, but the effects of chromatic aberration will be made 
worse and vice versa. There is apparently, therefore, some degree of 
compensation betfreen these two effects. 

In support of this deduetion.it may be pointed out that both 
Li8ter(4) and Cobb(5) found an increase in the acuity of the eye as 
the pupil increases from 0 to 3 mm. Thereafter both find a nearly 
constant acuiiy for the eye, that is, that for pupils between the average 
limits (3 to 6 mm.) nearly perfect compensation occurs. The aberration 
disc formed on the retina for every point source of light is therefore 
approximately constant in diameter, and it is possible to calculate the 
intensity of illumination at different parts of the disc, and therefore also 
the intensity of light stimulating the different cones of the fovea, if 
certain assumptions are made. These assumptions are that the eye 
suffers from no other important aberration beside chromatic aberration, 
and that this is present to an amount that calculation shows necessary, 
and that the eye suffers from diffraction in the same way as do other 
optical instruments of the same aperture, 

s 

\ 
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Taking for example, the case of a bright narrow line on a dark 
ground, and assuming the diameter of the pupil to be 3 mm. and that 
the diameter of the foveal cones is 3'2/x. If then the intensity of illumina- 
tion of that row of foveal cones, which exactl}- corresponds with the 
centre of the imago of the line, equals 100, then the intensity of illumina- 
tion of the rows of cones which lie on either side of the central row will 
be found by calculation to bo 31 p.c.; and the next row of cones will 
be found to be illuminated by approximately 9 p.c., and so on. And 
it is not until the 6th row of cones is reached that the intensity of 
illumination has fallen as low as 1 p.c. In other words, even in the 
case of the image of a linear source, a large number of retinal cone 
elements receive stimulation, and it is not possible to think of any one 
cone or even any one small group of cones os being alone stimulated. 
We may then ask ourselves what it is that actually happens when such 
an aberration disc shifts its position on the fovea by a small amount. 
It would seem that the onl}- change which takes place is that certain 
cones receive a sbghtly more intense degree of illumination than they 
did pro^dously, whereas, in the case of other cones, there is a corre- 
sponding decrease. The least amount of displacement which will be 
perceived will be that which just causes a perceptible change in the 
intensity of light falling on a particular cone or a small group of cones. 
For example, suppose the image of a bright line to move approximately 
44 secs, of arc. Then the row of cones which was previously receiving 
an intensity of 100 will now only receive an intensity of 31, whereas 
one of the rows of cones which previously received but 31 will now be 
receiving 100. Now we know that when large areas of the retina are 
being stimulated, the difference of intensity of 1 p.c. is perceptible under 
favourable circumstances, but it will be shown in the last section that 
any one cone or small group of cones is not able to respond to a difference 
of much less than 10 p.c. Applying this to the case which we have been 
considering above, we should imagine that since a change in angle of 
44 secs, of arc results in a change in the illumination of two retinal cones 
of 69 p.c. that a 7-second of arc movement should be the least amount 
that the eye would be capable of perceiving, and this value fits approxi- 
mately in with the results of coincidence and stereoscopic experiments 
referred to in the tables on p. 56. 

On the theory given above of the unequal illumination of the cone, 
the fact that the eye can perceive the presence of a black object, the 
edges of which subtend an angle of about 3-5 secs, of arc, can be explained 
and the fact can be brought into harmony also with the conclusion based 
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on the diffraction theory that the black interval between two bright 
objects must not be less than 41 secs, of arc in order that they should 
be separately resolved. The clue to the explanation is to be found in 
a paper by Bayleigh(6). He points out, when there is a definite re- 
lation between the phases of two light sources, that a black Hne separating 
them should still be resolved even if it is narrower than that necessary 
under ordinary circumstances where no phase relation exists. Now in 
the case of a small black object lying on a white background (which is 
lit by scattering of light from some external light source, e>g. daylight) 
it would seem that there must be the necessary phase relation for reso- 
lution to occur, and that therefore Rayleigh’s calculatiops explain 
the preception by the eye of black objects subtending these small angles. 

Rayleigh gave the following formula for calculating the least width 
- of a just visible' black line when viewed against a self luminous ground 

~hi „ 
la ” ir ■ 

This may be put “perceptible percentage decrease of illumination multi- 
plied by angle subtended at tbe eye by tbe lines of a grating for reso- 
lution == angle subtended at the eye by edges of just visible black line.” 
He showed that for a grating and a line placed in front of a sodium 
flame and viewed by the eye through a pin ,hoIe, the angle ratio was 
9'1 to 1, and therefore by substitution in tbe above formula the per- 
centage decrease in illumination is equal to 11 p.c. This Value of 11 p.c. 
fits in with that required to explain a position sense of approximately 
7 secs, of arc as shown above. 

Taking similarly the case of objects viewed in front of backgrounds 
illuminated by borrowed light {e.g. white paper illuminated by daylight) 
Rayleigh gave the formula 

h-Jt _ 4a 
lo ' 

This may be put “ perceptible percentage decrease in illumination multi- 
plied by angle subtended at the eye by the lines of a grating for resolution, 
!= four times angle subtended at eye by edges of just visible black 
line.” 

As stated above Rayleigh’s experiments show that the least per- 
ceptible decrease in illurmnation is approximately 11 p.c. The angle for 
resolution of a grating is about 58 secs, of arc. The angle of a just 
visible black line should therefore be about 1-64 secs, of arc with mono- 
chromatic light. The lowest value which has been obtained in dayhght 
by Owen and myself is S-l secs, of arc. Daylight would not be expected 
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to give siicli good values ns monochromatic light because of the 
chromatic aberration of the eye. Thus Luckiesh(7) has shown im- 
provements varying between 1 p.c. and 300 p.c. in the visual acuity 
when monochromatic light was substituted for ordinary light. Other 
aberrations of the eye would also cause the experimental value to fall 
somewhat short of the theoretical one. We conclude, therefore, that the 
observed performance of the eye fits in closely with the performance to 
bo expected according to the diffraction theory of light. 

In the case of bright objects on black grounds, many writers have 
pointed out that the limit met with in the case of black objects is not 
present; the controlling factor being not the width of the bright object 
but the intensity of the light which it sends into the eye, cf. ParsonstiC). 
Thus ultramicroseopic structures are rendered visible if their illumina- 
tion is sufficiently intense as Sidentopf has shown. Rayleigh pointed 
out that the observation that the eye is capable of percei\'ing a single 
black or white line when it subtends an angle at the .eye ns little ns say 
3 secs, of arc, does not alter the value of the limit set to the closeness 
of two objects or the bars of a grating for them to be resolved. That 
is, that the older visual acuity limits still hold. 

Now it seems to mo that the importance of the resolution of double 
stars to the astronomer, and grating-like structures to the mioroscopist, 
has given to these types of test object a quite undeserved importance. 
In ordinary visual observation such types of object are seldom met with, 
and even such geometric designs as the letters of the alphabet ore btit 
distantly related to such test objehts. On the other hand, contours of 
all kinds are met with to a very great extent in ordinary visual ob- 
servation, and it would appear that the important phenomenon of 
simultaneous contrast has been specially developed in order that the 
appreeiation of the existence of contours should be facilitated. The 
narrowness of a contour, of which the eye can perceive the existence, 
is therefore a matter of far greater importance in vision than the fineness 
of a grating or the closeness of two double stare that can just be resolved. 

3. The difference threshold of thefoveal cones for light intensity. 

It is surprising to find how little is known concerning the values for 
the difference threshold on which the appreciation of the form of external 
objects depends. In this section the probable values for the difference 
threshold will be deduced for the various types of test object referred' 
to above, namely, a single black line, a grating, a double star, coincidence 
of two black lines, the coincidence of two bright lines, stereoscopic 
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vision, sense of position and lastly the coincidence of two absorption 
bands. 

Single black line. This is the case examined by Rayleigh of which 
mention has already been made in the previous section. He estimated 
that a just visible black line produces a decrease in intensity of light 
on the retina of 11 p.c. Now this value is that corresponding to the 
centre of the geometrical image and is not the average value corre- 
sponding to a foveal cone. To obtain this it is necessary to calculate the 
intensity values from point to point of the geometrical image, and then 
to average these values for each cone. Such point to point values are 
not obtainable from Rayleigh’s formula, neither is any account taken 
of the effects of chromatic aberration which the eye is known to sufier 
from. 

The following table gives the result of calculating the combined 
effects of chromatic aberration and diffraction for a black line, the retinal 
image of which is '76 jx wide, seen against a self luminous ground. 


Distance from Relative % 
centre of image intensity 
in fi of light 


-1-4-56 98-41 

-I- 3-80 97-8 

+3 04 96-9 • 

+2-28 94-7 

+1-62 90-1 

+ -76 84-1 

centre ±0 81-2 

- -76 84-1 

-1-62 90-l\ 

-2-28 94-7 

-3 04 96-9 - 

-3-80 97-8 

-4-56 98-4, 


Average 
intensity 
on cone* 


96% 


83% 


96% 


* Assuming cones to have a diameter of 3-2 /jl. 


The table shows that if 100 is the value of the uninterrupted illumina- 
tion there should be an intensity of 83 p.c. on the row of cones corre- 
sponding to the centre of the image, and an intensity of 96 p.c. in the 
row of cones on either side of the central row, i.e. a difference between 
the rows of 13 p.c. Now experiment shows that a line subtending 4 secs, 
of arc approximately is seen against a ground illuminated by borrowed 
light. But to be seen against a self luminous ground a line doubly as 
wide would have to be employed, according to Rayleigh’s formulae, 
i.e. one subtending 8 secs, of arc approximately. Such a line would form 
a geometrical retinal image of *585 ja width and this would produce a 
corre.spondingly less marked intensitj’- difference on the cones. Calcula- 
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tion shows that the difference threshold of stimulation between the two 
rows of cones would have to be 10 p.c. approximately, for the perception 
of such a black line to occur. The agreement between this value and 
Rayleigh’s (11 p.c.) should be noted. 

Grating. The experimental value of the acuity of the eye for this 
test object (cf. p. 53) is appro.xiinately 58 secs, of arc. Now resolution 
of such a structure can occur when there is a perceptible difference in 
the stimulation of neighbouring retinal cones. This is found to be the 
case when one cone on which a bright bar faUa, has on cither side of it 
two cones on winch images partly consisting of dark bars fall. Ror 
example this occurs with the experimental values quoted above because 
while the cone corresponds to 44 secs., the neighbouring dark bars of 
the grating correspond to 58 secs., that is, that there is some 7 secs, 
overlap of the dark bars on either side of the cone on which a bright bar 
exactly falls. 

Calculating the intensity at different points of the image, chromatic 
aberration and diffraction being both taken into account, the following 
values were obtained. 

Average 
intensity 
on eones* 

... 100 % 


... 100 % 

* Assuming foveal cones to have a diameter of 3-2 /r. 

A difference of intensity of illumination of 20 p.c. would therefore 
be expected between the cones corresponding to the exact centres of the 
bright and dark bars. It would only happen by chance that neighbouring 
cones would correspond exactly to the centres so that a somewhatdower 
difference of intensity of illumination would probably be found in 
practice. It is interesting to note that according to Rayleigh’s values 
a self luminous grating is more easily resolved by the eye than one 
illuminated by borrowed light. The converse is the case for the reso- 
lution of a single narrow black contour. 


Distance from 



centre of imago 

Relativo 

on retina in 

Intensity 

± *00 

(centre of bright bar) 

57-0 

. 

+ *38 

tt H tf *» 

55-5 


+ -70 

»» t» tt tt 

52-5 


+ 1;14 

It »» It ♦» 

4G0 


+ 1-53 

It It It ‘ It 

44*5 


+ 1*00 

(centre of black bar) 

41*2 


+2-38 

41-2, 


+ 2-60 

It II It It 

44 *5 1 


+ 304 

If II It II 

4C0’ 


+ 3-42 

II II It *1 

62*5 1 


+3'80 

(centre of bright bar) 

C5-5 


+4‘18 

67-0 

- 

4-50 

etc. 

65-5 
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A. Cases in ■which there is a constant difference of intensity. 

Single black line on ■white ground 13 % 

Grating 20 % 

Double line 12 % 

B. Cases in ■which there is a variation of intensity. 

Coincidence 22 % 

Position 32 % 

Stereoscopic ■vision 12 % 

beWeen tbe intensity at one moment and that at another. These values 
are other^wise fairly concordant, allowing (a) for experimental error, 
(6) for the fact that the observers who have measured the revolving 
power of the eye for the various test objeets have been difierent and 
(c) for the difficulty met -with in making even approximate calculations 
of the intensity in ^ifEerent parts of the retinal image. 

4. Factors affecting the difference threshold for light intensity. 

In the calculations I have given of the intensity of illumination at 
different parts of the retinal image, the effects of chromatic aberration 
and diffraction have alone been considered. But it is well known that 
even the eye of the emmetrope suffers in addition from other aberrations, 
e.g. spherical aberration, astigmatism, disobedience to sign condition, 
etc. The latter may, however, be excluded since it should not appre- 
ciably affect the definition of images formed near the optic axis. The 
other two aberrations should also have but a small effect so long as the 
pupil diameter does not greatly exceed 3 mm. It remains however to 
consider four further factors {a) the effect of light entering the eyeball 
other than through the pupil. Iff) the effect of light entering the pupil 
and suffering multiple reflections at the different surfaces bounding the 
optical media, (c) the effect of light entering the pupil and suffering 
irregular refraction oiving to sbght irregularity in the optical surfaces, 
{d) the effect of light reflected from the black parts of the test objects. 

With regard to (o), it is well known that some light enters the eyeball, 
e.g. through the sclera and choroid, and thus illuminates the retina by 
scattered rays. It is improbable, however, that this light would be con- 
siderable in amount unless strong direct light was falling from one side 
on to the eyeball, and it can be fairly assumed that ah experimenter 
aiming at the best results would avoid such circumstances. 

With regard to (6), it can be said that taking the optical surfaces in 
turn, the air-cornea surface (R.l. 1-1-34) will reflect light in an outward 
direction only; the cornea-aqueous surface (E.J. 1-34-1-334) will reflect 
practically no light because the difference in refractive index is so small; 
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the nqueons-lens surface (E.I. l'334-l-37) reflects but a small amount 
of light because of the low refractive index of the peripheral layers of 
the lens; it will be remembered further that the succeeding layers 
increase in refractive index gradually till the nucleus is reached with 
a E.I. of 1-11, and that after that is passed the layers are of gradually 
decreasing E.I. till the poripheiy is again reached. This peculiar structure 
gives to the whole lens an equivalent E.I. of 1'‘12 in a manner described 
in a previous paper(H) and yet the light scattered in passing through 
the lens must bo exceedingly small because at no part of its course does 
it encounter a big change of refractive index. There are grounds for 
believing, therefore, that the amount of light suflering multiple reflec- 
tion at the eye media must be very small. 

With regard, to (c) it is well known that images of objects reflected 
in the surface of the normal cornea show small irregularities. These 
irregularities, unless they are exactly corrected by the subsequent surfaces 
through which the rays pass, will cause some scattering and otII prevent 
the exact union of the rays forming the image of a point source. It is 
not difficult to observ'e with the normal eye the effects of irregularities 
such as these if a bright point source of bght be examined in a dark room, 
for a halo consisting of a largo number of spectra will bo seen sur- 
rounding the source. 

With regard to (d), it is well known that the majority of black objects 
reflect about 5 p.c. of the light that falls on them and therefore some 
such value presumably applies also to the black components of the 
objects used for testing the visual acuity. This light will tend to diminish 
the difference in illumination at different parts of the retinal image. 

The effects (o), (6), (c) and (d), though the effect of eaph alone is prob- 
ably small, combine to make the values given in the table, p, 6i, too high. 
This table is moreover for observations in which a small group of cones 
only is affected.' When a large group of cones is affected the values are 
much less. Thus for example with the a band of oxyhsomoglobin spectro- 
photometric measurement shows that at the steepest part of the ab- 
sorption gradient a 1 p.c. change in intensity occurs for a 2 a.u. change 
of wave length. Since these bands can be measured with an accuracy 
of 1 A.tJ. a ^ p.c. intensity change must be sufficient for a noticeable 
difference to be produced. Now according to Weber’s experiments a 
1 p.c. difference in the intensity of illumination of two neighbouring 
bright areas was just noticeable. Helmholtz found however that the 
value is more nearly 0*6 p.c. and this agrees well ivith the values I have 
just given for absorption band measurements. 


PH. Lvn. 
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Of the factors which affect the A’-alue of the least perceptible difference 
of light intensity both for small and large groups of cones, intensity 
itself is probably the most important, for it is well known that under 
diminished illumination visual acuity for all types of test object is re- 
duced and a greater difference in illumination is necessary for that differ- 
ence to be observed. It is also probable, if the intensity of illumination 
is increased beyond a certain amount, that the optimum would be 
passed and a decrease in acuity result. 

It may be noticed that diminished illumination of a test object only 
involves a change in the absolute intensity of the different parts of the 
image, and does not involve any relative change. Since then a test 
object which is visible at one intensity ceases to be visible when the 
intensity is reduced, it follows that a percentage difference of intensity 
recognised at one intensity is not recognised at a lower one. This is 
another example of disobedience by the eye of Weber’s law. 

A further factor which might be expected to change the value of the 
difference threshold is the degree of adaptation of the eye. It has been 
shown that visual acuity increases in the light adapted eye. The observa- 
tions for small retinal areas have been summarised by PaisonsiS). 
Cobb (10) has found a similar change both for small and large retinal 
areas. So far, however, the results obtained by experiment have only 
been qualitative, thus there are no values from which a curve can be 
plotted showing graphically, how the difference threshold changes with 
changes in retinal adaptation. 


Summary. 

1. It is known that the resolving power of the human eye varies 
with different objects. Thus for double stars the limit is about 60 secs, 
of arc, and for the narrowest visible black contour it is about 4 secs, 
of arc. The latter is much less than ’that calculated in optical ground, 
viz. 41 secs, of arc. It is also known that in practically every case in 
which the resolving power of the eye greatly exceeds 60 secs, of arc, 
the visibility of a contour is involved. 

2. The way in which the optical limit to the resolving power is 
exceeded in the case of contours is explained on the basis of a paper by 
Rayleigh. 

3. The way in which the histological limit to the resolving power is 
exceeded in the case of contours is considered in detail. The basis of 
this is the calculation of the intensity of illumination from point to point 
of the images of different contours. From these values the intensity of 
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illumination of the cones of the foiea which are affected by the image 
can he nppro\iniately ascertained In this manner the difference of 
intensity of illumination of neighbouring cones w hen a stationary image 
IS falling, or the change of illumination which follows the movement of 
an image is obtained Since the experimental values for the different 
images are known the probable smallest perceptible percentage difference 
of illumination can be calculated 

The results (cf p GI) show that w here there is a constant difference 
of intensity there is usually a lower value for the difference threshold 
than when there is a variation of intensity This would be expected 
since a memory process is required in the second case which is not re 
quited in the first 

Also as IB shown in the text the latter is more liable to be vitiated 
by irregular eye movements 

4 Values are given for the least perceptible percentage difference 
of illumination of large groups of cones 

Coincidence of tw o absorption bands Dope 

Comparison of two illuminated areas 0 G p c 

These values are altogether different from those obtained in the case of 
small groups of cones The difference will be reduced slightly if the effect 
of scattered light within the eyeball is taken into account, this will 
arise from light that has penetrated the sclera, light irregularlj re 
fracted by the optical surfaces, c j by the cornea, and light that has 
suffered multiple reflection within the eye The effects of these factors 
taken together cannot be large so that a considerable amount of the 
abov e difference remains to be explained 

Other factors show n by experiment to affect the difference threshold 
are intensity and retinal adaptation 
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have been described in the cnscof ccrtainjumpinginaectsbyHaycraftP). 
Por recording directly the time occupied in the contraction another 





Figs. 1 nnd 2. 


mechanism was used, also designed and made by Mr Downing. A pointer, 
actuated by an eleotromagnet, wrote upon a revolving drum driven at 
a constant speed, nnd marked by a time-marker in J secs. The electro- 
magnet was first short-circuited through a phosphor-bronze spring 
attached to the pin, contact being broken instantly and the current 
allowed to run through the magnet, on removing the pin. The moment 
of release therefore was marked by the downward movement of the 
pointer. The pointer remained at the lower level untd the circuit was 
again short-circuited, at the end of the contraction, by the hand of the 
subject knocking down a lever which caused electrical contact betrveeri 
two insulated points connected across the terminals of the electromagnet. 
After the preliminary “ Ready,” the w'ord “Go” was given, and then 
after a sufficient short interval the pin was sharply withdrawn, the work 
being measured as usual with the tachometer, and the duration of the 
movement being read off afterwards from the record on the drum. 

Readings of the work performed and of the time taken w-ere made 
successively on each of the eight pulleys. In about half the experiments 
the starting-point was the pulley with the largest equivalent mass, 
readings being taken on each pulley until the one with the smallest 
equivalent mass was reached. The readings were then repeated in the 
reverse order. In the other experiments the starting-point was the 
smallest equivalent mass (largest diameter pulley). By these means 
errors due to fatigue were entirely eliminated. Instead of cord was 
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xised a length of thin Bowden-brake we with a loop at each end. 
Through one loop passed a brass rod to be used as a handle; the other 
loop slipped over the small peg in the circumference of the pulleys. 
The length of the vdte was so arranged that a few centimetres still 
remained on the circumference of the pulley at the end of the contraction. 
This dropped ofi as the wheel continued its revolutions, and thus it was 
made certain that the full amount of work w'as obtained from the con- 
tracting muscles. The use of this wire necessitated a re-calibration of 
the instrument. The diameter of the wire was only 1 mm. — ^much smaller 
than that of the cord previously used — and as the effective radius of a 
pulley is altered By any variation in the diameter of the cord, such 
change 'ivill affect the equivalent masses of the pulleys, particularly those 
of the smaller diameter pulleys, where the diameter of the cord becomes 
an appreciable fraction of the whole. The calibration of the instrument 
was carried out in the usual manner. Table I gives the radii and equi- 
valent masses of the pulleys. 

T.^ble I. 

PnDey 1 2 345678 

Effective radius, cms. l-53o 2'148 2-779 4-76 6-59 8-41 10-69 11-72 

Equivalent mass, kilos 681 348 ' 208 70-8 36-94 22-69 14-04 11-6' 

Results. Out of a large number of subjects whose records of work 
produced on the different pulleys were taken, the most consistent subject 
was chosen and in nine experiments the time of contraction on each 
pulley was recorded along with the external work produced. Table II 
gives the values of the work obtained on each pulley in these nine 
experiments, together with the values obtained in one other experiment 
on the same subject in which the times were not recorded. 


Table IT. 


Mass: kilos 

681 

348 

208 

70-8 

36-94 

22-69 

14-04 

11-67 

Woek: kgr. -metres 

9-70 

9-17 

8-63 

7-46 

6-.50 

5-03 

4-86 

4-38 

3fean value (10 
observations) 
Probable error of mean 

iO-08 

0-06 

0-07 

0-04 

O-OS 

0-04 

0-03 

0-03 


The probable error of the mean value u-as calculated as foUows. If dj, tk, ... vere 
the deviations of the 10 single observations from their mean value, the profaahle error of 
the mean was 


±0-6 




+ ^ 2 ' + -td ,,- 

R (rt - J } 


Kg. 3, shows the mean values of the work plotted against the equi- 
valent mass of the pulley. 

It was shown by A. V. Hillp) that the relation between the maximum 
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work (lone and the duration of the movement is given by an equation 
II 0 — II’ = Kjt-. in a later paper(3) he adopted the similar but more 



convenient formula *• which implies that the fraction of the 

theoretical maximum work wasted in overcoming the frictional resistance 
of the muscles and limb is proportional to the speed with which the 
process is carried out. It was shown also that the relation between the 
maximum work and the equivalent mass can be expressed by theformula 


Avliich ill the second and revised notation becomes 
l being the length of the pull. Putting .Tp=t( this becomes 


In Pig. 3 is plotted a theoretical curve with ll’o = 10-96 kgr.-metres, 
and K = 1-02; it is seen that the agreement is excellent. In addition 
to this curve for the most consistent subject, the average values of the 
work obtained on each pulley from sixteen men chosen at random are 
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given in Table III and with these' values an average carve is plotted in 
Fig. 3 (dotted line). 

Table III. 

Mass 681 348 208 70-8 36-94 32-69 14-04 11-67 

Work 9-08 8-38 7-84 6-67 .5-82 5-20 4-68 4-37 

Considering now the relation between the times occupied in the con- 
tractions on the difierent puFeys and the external work produced, the 
results obtained in nine complete experiments on the most consistent 
subiect are given in Table IV. 


WoBK: ksr. -metres. 9-70 

Table IV. 

9-17 8-63 

7-46 

6-50 

5-63 

4-86 

4-5S 

Mean value 

Time; seas. Mean value 2-16 

1-60 1-25 

0-83 

0-66 

0-55 

0-51 

0-46 

(9 observations) 

Probable error oi mean ±-013 

■007 -013 

•004 

•007 

•005 

■007 

■m 


The mean values oi the times are plotted against the mean values 
of the work in Fig. 4. In this figure is shown also a theoretical curve 



obtained from the equation IF = Wg (1 — k/t}, with the values Wg — 10-90 
and k = 0’264. The agreement again is excellent. 

. Assuming that the force maintained throughout the contraction is 
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constant, an assumption aliown espcrimentally by A. V. Hill to be 
approximately correct, the constants K and k, determined experi- 
mentally ns above, should be connected by the relation K = 

In determining K experimentally we have employed kilograms and 
kilogram-metres ns units so that in absolute c.o.s. units K becomes 
1'02/98100. Hence ve have the equation 1'02/98100 = (0’26<1)®/21-, from 
■which we find I — 58-0 cm. In the case of the subject investigated the 
observed mean length of the contraction was 01 cm. The agreement is 
fairly good: the divergence is due partly, no doubt, to the approximate 
nature of the assumption that the force maintained throughout the 
contraction is constant: it maj- be accounted for largely however by the 
fact that the lever which, by being knocked down, marked the end of 
the contraction, could not be placed cx'actly at the end of contraction. 
On the whole therefore we may say that the theory quite adequately 
covers all the observed facts. It will be obser\-cd that the same value 
of II 0 was used for both equations. 

A similar set of experiments was performed on the “standard 
subject” of the original determinations of A. V. Hill(i), Eight experi- 
ments ■\vere performed in which the time of contraction was recorded 
along with the external work done. The mean values obtained are given 
in Table V. 

Tabli: V, 



Work, 

Probable 

Time of 

Probable 

Equivalent 

kgr. ‘metres 

error of 

contraction 

error of 

mass, kilos 

(mean) 

the mean 

(secs.), mean 

the mean 

681 

9-31 

i-00 

2-09 

±013 

348 

8-76 

±04 

1-54 

±•007 

208 

8-24 

±08 

1-25 

±•013 

70-8 

7-20 

±•05 

0-79 

±•004 

30-94 

6-10 

*1-05 

0-62 

±•007 

22-69 

0-60 

±04 

0-62 

±■004 

14-04 

4-96 

±•05 

0-45 

±•004 

11-07 

4-64 

±•03 

0-42 

±•004 


These results arc fitted with the same accuracy as in the case of the 
other subject by the equations (i) W = IF^ (1 — k/l), with IF^ = 10-Q4 
and k = 0-260: and (ii) M = /ifF/(l - WjW^f, with IF„ = 10-54 and 
K = 0-987. Here again the value of I calculated from the equation 
0-987/98100 = (0-260)®/2f-, -viz. I — 5S cm., is slightly less than the value 
actually observed, viz. I = 60 cm., no doubt for the same reason. On 
this “standard subject” A. V. Hill’s original observations gave a I; of 
0-242, and a IF„ of 11-18. The difference in IFo is of no importance; 
it may be attributed to a small change in the bodily condition of the 
subject: the two values of k are very nearly the same, the small difference 
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being due probably to tbe fact that in A. V. Hill’s paper the times 
were calculated for the full extent of the pull, while in the above experi- 
ments they were directly observed over a slightly smaller range of 
movement. 

Discussion. 

The results of these experiments are in agreement with the con- 
clusions of Hartree and A. V. Hill(4) and of A. V. Hill{i, p. 40) that 
the external work done in a muscular contractibn is diminished through 
viscosity by an amount depending upon the velocity of shortening. 
Rapid movement means large internal friction and large loss of energy 
as heat, the external work produced by the muscular contraction being 
thus considerably less than the original potential energy possessed by 
the muscle. An interesting problem, on which it is impossible at present 
to throw any light, is presented by the case of the rapidly moving 
muscles of insects. In the muscles of the human arm a movement com- 
pleted in 1 second wastes 26 p.c. of its energy in overcoming the frictional 
resistance of the muscle itself, a movement completed in \ second some 
52 p.c., until, in a movement completed in about 0-26 sec., no external 
Avork can be done at all. Yet the movements of the wing muscles of 
insects are enormously more rapid than this. Presumably the minute 
structure or the anatomy of the muscle is modified in some way to allow 
these movements to occur without the extreme wastefulness associated 
with rapid movement in man. 

In conclusion I wish to express my thanks to Prof. A. V. Hill for 
inspiration and helpful suggestions. My thanks are also due to Mr A. C. 
Downing for the drawing of Figs. 1 and 2 and to Mr W. Baker and 
Mr Downing for acting as subjects. 

SUM-AIARY. 

Improvements are described in the method by which the maximum 
work of human muscles contracting against the inertial reaction of a 
flywheel and the time occupied in the movement can be measured. The 
measurements confirm the accuracy of the equation W — Wq (1 — A'//), 
where W is the Avork done in a maximal moAmment occurring in time I. 
Uq is a constant (the theoretical maximum Avork) and h another coiustant 
probably depending on the viscous resistance of the muscle to a change 
of form. It is shown also that the equation M = it 117(1 ~ IP/Ho)" 
relating the work W to the mass 31 opposing the contraction is \mry 
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xactly obeyed, K being another constant related to k. Various conse- 
quences of these relations are discussed. 

The expenses of this research ha\o been borne in part by a grant from the Royal 
Society to Prof. A. V. Hill. 
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THE MEASUREMENT OF THE TENSION OF OXYGEN 
AND CARBON DIOXIDE IN THE BLOOD OF THE 
PULMONARY ARTERY IN MAN. By ALFRED 0. RED- 
FIELD, ARLIE V. BOCK and J. C. MEAKINS. 

{From the Physiological Laboratory, Cambridge, 
and the Harvard Medical School.) 

The estimation of the volume of blood expelled from the heart in unit 
time by the principle introduced by Fick(i) requires a knowledge of 
the quantity of oxygen or carbon dioxide in the mixed venous blood 
which is pumped by the right heart into the pulmonary artery. The 
calculation of the diffusion constant describing the rate of passage of 
oxygen across the pulmonary epithelium under unit difference of pressure 
in accordance with the method of Bohr(2) involves data concerning the 
pressure of oxygen in the blood which is flowing into the lungs. In 
experiments upon animals such information can be obtained directly by 
standard methods of analysis from samples of blood obtained by puncture 
of the right ventricle. For experiments on the human subject resort 
must be had to a less direct method. 

A number of ways have been devised purporting to give with some 
accuracy the tension either of the oxygen or of the carbon dioxide in 
the mixed venous blood entering the pulmonary capillaries. In using 
such data for estimating the per minute volume output of the heart use 
must be made of a curve relating the quantity oh gas taken up by a 
given volume of blood when it is exposed to any partial pressure of the 
gas within the physiological range of variation. Since it has been shown 
by Bohr, Hasselbalch and Krogh(3> that the position of such a curve 
in the case of oxygen is profoundly modified by the quantity of carbon 
dioxide present, and by Christiansen, Douglas and Haldane(4) that 
the position of the curve relating tension and content of carbon dioxide 
is influenced in a similar way by the degree of oxidation of the blood, 
it is desirable that the tension of both gases in the mixed venous blood 
be estimated synchronously. In the methods heretofore in use, ■with 
the exception of that employed by Douglas and Haldane(5), this fact 
has either been overlooked, or some assumption has been made con- 
cerning that gas whose tension was not measured. In developing the 
present method this consideration has been determinant; in addition, 
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we have been desirous of finding a procedure which could be carried 
through in a short period of time and which introduced no manipulations 
which could not bo carried out by trained subjects when exposed to 
conditions of severe anoxicmia. 

The principle involved is simply that the partial pressure of any gas 
taken into the alveoli of the lungs will tend to come into equilibrium 
with the tension of that gas in the blood which is entering the lung from 
the pulmonary artery; and this will be true of each gas present. Practi- 
cally, equilibrium cannot be approached ivith such blood as traverses 
the pulmonary artcrj' under any standard condition unless the gas 
mixture is close to the equilibrium point to start with, for in therequisite 
time the blood which was exposed to the gas mixture at the beginning 
of the period irill have completed its circuit of the system and will return 
to the lung in an abnormal condition. It is necessary, consequently, 
that the sample of gas should not be held in the alveoli for more than 
30 seconds; actually a shorter period ivill suffice for our method. Since 
a true equilibrium cannot be obtained generally, it was hoped that by 
observing the course of the change in the partial pressure of oxygen and 
carbon dioxide ns equilibrium was approached, that some estimate could 
be made of the final equilibrium point. Consequently, samples of gas 
were taken into the lung, held there for a few seconds, and then about 
half the lung contents were expelled and a sample of the last portion 
of gas leaving the lung was collected and analysed for o.xygen and carbon 
dioxide. The remainder of the gas was then held in the lung for 5 or 
10 secs, more and then expelled and a second sample collected for analysis. 
When data obtained in this way are plotted graphically as in Fig 1 in 
which the oxygen pressure is laid off on the abscissa and the carbon 
dioxide pressure on the ordinate, and straight lines are drawn through 
the pairs of points representing tensions of the gas before [A, A' A") 
and after (S, B', B") being held in the lungs for 5 or 10 secs., it is found 
that the lines meet at a point, or very nearly do so. One would expect 
them to do this on the assumption that these straight lines represent the 
actual course of the change in tension of the gas as it approaches equi- 
librium with the blood entering the lung from the pulmonary artery. The 
point, of meeting should represent the tension of oxygen and carbon 
dioxide in that blood. It remains a question how far this assumption is 
justified. The linear course of the changing tensions of the gas in the 
alveoli, which is indicated by the figure, implies that at any moment 
the change in tension of both gases is, in the case of each, affected equally 
by the ffifference in tension between that gas at any moment and its 
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tension at the final condition of equilibrium; i.e. at the tension of that 
gas in the blood entering the lung from the pulmonary artery. Such a 



Fig. 1. A.C.R. The horizontal line, H, is the COj isopleth determined by the 
Henderson and Prince method. 

Fig. 2. See text. 

condition seems a priori improbable for two reasons: {a) because the 
diffusion constant of carbon dioxide is generally considered to be many 
times as great as that of oxygen, and consequently, carbon dioxide should 
approach an equihbrium with many times the rapidity of oxygen, and 
(b) because while equilibrium is being approached the efiective tension 
of gas in the blood is its mean tension during the time it is traversing 
the alveolar capillaries, which coincides with the tension in the mixed 
venous blood only at the time when equilibrium is established between 
the blood and the alveolar gas. For these reasons one would expect the 
course taken by the changing values of oxygen and carbon dioxide 
tensions to be curved lines when represented graphically, somewhat as 
in Fig. 2, It can be shown however that this is not the case. 

If the course of changing tensions of COg and Og in the alveolar gas 
is a line which is not straight or nearly so, then the straight line drawn 
through pairs of points on such a curve ^vill not coincide except by chance, 
and should such straight lines drawn through pairs of points on several 
different curves chance to coincide — as in Fig. 2 A — ^the point of coin- 
cidence will occupy a position which will differ depending on whether 
the pairs of points are taken near to (Fig. 2 B) or remote from {A) the 
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true point of equilibrium. Consequently, it is only necessary to determine 
the point of transection of three lines drawn through pairs of points of 
which the initial member is obtained from samples of gas, the composition 
of which differs markedly from the expected equilibrium point, and then 
determine the point of transection of lines obtained from gas samples 
having an initial composition approaching closely to that indicated by 
the first point of transection. If the points of transection obtained in the 
two cases coincide, it may be concluded that the course of the change 
in composition of any sample is a straight line and the transection point 
represents the true tensions which the gases would have if equilibrium 
were established. Fig. 3 illustrates such an experiment and shows that 



Fig. 3. A.V.B. Dot« (•) indicate observations made July 7. Crosses (x) observations 
made July 8. U indicates the COj isoplclh on the respective days as given by 
the Henderson and Prince method. 

it is the case that lines drawn through pairs of points close to the equi- 
librium value pass close to the transection of lines drawn through pairs of 
points remote from this value. This demonstration we believe justifies 
the conclusion that the point of transection represents the true value of 
the tension of gases in the mixed venous blood. 

Further support of this conclusion is given by a comparison of the 
tension of carbon dioxide in the mixed venous blood as determined by 
the present method and by the method of Henderson and Prinee(6). 
It may be seen from the foUou-ing Sble that the values obtained by 
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these two methods, when employed upon the same subject, agree to 
within about 1 mm. 

CO 2 tension of venous blood 

, ^ , 

Present Henderson and 
Subject Date method ' Prince method 

A.C.R. July 19 44-5 mm. 45-5 mm. 

A.V.B. „ 8 49 „ ‘ 49 

„ ~ 7 49*5 ,, 50 ,, 

The values which have been obtained by the method with resting 
subjects at sea level have fallen almost without exception between the 
limits of 50 mm. COg and 31 mm. Og on the one hand and 45 mm. COg 
and 36 mm. Og on the other. Between these hmits for each miUimetre 
fall in Og pressure there is approximately one milliinetre rise in COg 
pressure. 

In practice we have adopted the following procedure for making the 
determinations. The gas mixtures are contained in a rubber bag of 
5 htres capacity provided with a neck of rubber tubing 8 inches in length 
and f-inch bore. The neck is fitted with a glass mouth-piece behind 
which it may be closed ofi by a large pinch cock. Behind the pinch' cock 
are two side tubes of small bore to which gas sampling vessels are 
attached (7). 

In making the determinations the subject, who has been sitting at 
rest for 15 minutes or more, puts on a nose clip: empties his lungs as 
completely as he can, takes a deep rapid inspiration from the bag: 
exhales it rapidly into the bag : inspires deeply again, holds the inspira- 
tion for a second; then empties his lungs to mid-capacity into the bag. 
As this is accomplished the observer collects a sample of the air in the 
neck of the bag, which is the last portion expired. The remainder of the 
gas is held in the lungs 5 or 10 secs, longer, when an exhalation as deep 
as possible forces it into the bag and again a sample is taken. The 
results of the analysis of these two samples define the position of one 
line on the diagram. In working at sea level the determination is first 
made with 'the bag filled with nitrogen. This will give, when mixed 
with the residual air in the lungs, a pressure of O 2 equivalent to, or 
slightly less than, that of the venous blood, and a CO 2 pressure decidedly 
less. A second determination is then made with the bag filled Avith a 
mixture in which about 5 p.c. of O 2 is added to the nitrogen. This will 
give a sample having a higher O 2 and lower CO 2 pressure than the venous 
blood.^ A third determination may be made with a similar mixture to 
which 6 ^or 8 p.c. COg has been added in order to obtain samples having 
a CO 9 pressure equal or greater than the venous blood. In practice it is 
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simpler, and justified by expcneiice to determine the COj tension by 
the method of Henderson and Prince and draw a horizontal lino on 
the diagram representing this isoplctli 

In using the method at high altitudes, the procedure is modified only 
to the extent that rather more oxygen is added to the gas mixture m 
the bag, to compensate for the loner pressure of Oj in the residual air 
of the lungs The feasibility of doing this makes the method particularly 
n ell suited to n ork under anoxic conditions 

There are some conditions, not yet accurately determined, which in- 
xahdate the result obtained by any method Although the method given 
above is difficult for the subject to carry' out, it has the great advantage, 
that a norker is in no doubt whether he can accept his result or not 
If three or more lines run through, or close to, the same point, the result 
can bo accepted. If they do not, the result must be rejected The method 
we consider is accurate to about 1 min for each gas tension 

A portion of the expengea of this research has hcen home bj tho Proctor Fund, 
Harvard, the remomder by the funds of the Peru High Altitude Expedition 
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ON THE CONCENTRATION OF THE BLOOD AND 

THE EFFECTS OF HISTAMINE IN ADRENAL 
INSUFFICIENCY. By C. H. KELLAWAY (Eoulerton 
Student at the Royal Society) and S. J, COWELL. 

{From the Medical Unit, University College Hospital Medical School.) 

The experimental production of acute adrenal insufficiency by removal 
of both glands is attended, as Gradinescu(5) first showed, by a steady 
rise in the number of red corpuscles per c.mra. of blood. Donath(3) 
• subsequently obsen’-ed that the weight of the dry residue of the blood 
increases after bilateral extirpation. Dale(i) also observed this concen- 
tration of the blood after removal of both adrenals and found associated 
with it a greatly increased susceptibility to histamine. 

Our investigations have been primarily directed to determining the 
part« played by defect of cortex and medulla respectively in causing this 
concentration of the blood and increased susceptibility to histamine. In 
the course of our work we have noted certain other features of adrenal 
insufficiency, and investigated the concentration of the blood caused by 
injecting intravenously small doses of histamine. 

Methods. 

The experiments were made on adult cats^. In order to destroy the 
medulla, radium emanation, in dose generally varying from ‘26 to 1*5 mg., 
was embedded in it. The emanation was enclosed in a sealedglass capillary 
tube 4 to 6 mm. in length, and just under 1 mm. in ffiameter. The adrenal 
was exposed through the flank, slung up by a bgature tied to the divided 
lumbo-adrenai vein, and a small incision made into one pole. The tube 
containing the emanation was placed in the end of a glass tube bent 
nearly to a right angle and just large enough to contain it. The containing 
tube was thrust into the medidla, and the emanation tube was ext^nided 
by a piece of flexible piano vdre, prevented from going too far by a glass 
bead. Since the emanation has a rather rapid rate of decay it was left 
in the gland, except in a few cases in which larger doses (15 to 21 mg-) 
were implanted, for four or more hours and removed at a subsequent 

^ All survival operations were carried out by Kellaway under ether anesthesia wUh 
full aseptic precautions. 
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operation. The amount of necrosed tissue was investigated at death bv 
means of serial sections stained by Kohn’s methodfS). The medulla was 
chiefly affected, but a variable amount of cortex was involved as well, 
according to the position and amount of the emanation and the size of 
the gland. There was no evidence of any selective action on either cortical 
or medullary tissue. In some experiments, instead of sectioning the gland 
at death the amount of adrenaline remaining in it was estimated bv 
Elliott’s method(4). 

To determine the amount of medulla remaining at different periods 
during life, we have noted the degree of paradoxical pupil ddatation pro- 
duced by anoxosmia and by injecting histamine. The justification of this 
needs somewhat detailed treatment and we deal with it in a separate 
section. Injections of adrenaline to standardise the reactions of the pupil, 
and of histamine, were made into an ear vein, the animal resting quietly 
on the knees of one of the obseiwers during the injection. Anoxoimia was 
produced by causing the animal, which was gently held on its side, to 
inhale pure nitrogen for 45 to CO seconds from a mask similar to that 



Fi". 1. Cnt : Brain and most of apinnl cord destroyed, then abiominal viscera removed. 
Blood-pressure trocing. 

A. Left splanchnic stimulated, coll at 18 cm. 

B. „ „ „ 10 „ 

C. Adrenaline chloride *007 mg, injected 

B. „ „ *01 „ 

Left adrenal excised. 

B. Loft splanchnic stimulated, coil at 10 cm. 


6-2 
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described by Kellaway(T). The pupils were examined under unHorm 
illumination immediately after the injection or inhalation. 

In some experiments, the amount of functional medulla remaining 
at the time of death was estimated by stimulating the peripheral end of 
the splanchnic nerve. In a cat Avith undamaged adrenals, which has been 
pithed and eviscerated, a large rise of blood-pressure is obtained either 
on stimulating the splanchnic nerve or on injecting adrenaline. After the 
removal of the corresponding adrenal a small rise only is produced by 
stimulation. Mg. 1 shows the results in such an experiment. 

As an illustration of the application of the method we give Mg. 2. The 
blood-pressure tracing was taken from a cat (Exp. 1) in which *68 mg. 



Fig. 2. Cat; Exp. 1, see te.xt. Time in 2 sec. internals. 

A. Stimulation of left splanchnic, coil at 18 cm. and at 10 cm. 

The right splanchnic gave a little less effect. 

B, Injection of adrenaline. 

radium emanation had been implanted in the left adrenal, and the right 
removed five weeks later. Thirty-three days after this operation the cat 
was anffisthetised with ether, and after the brain and spinal cord had been 
pithed, was eviscerated. 

The experiment shows the absence of functioning medulla, unless u’e 
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suppose that the emanation has a selective action on the nerve filaments 
to the gland of which we found no sign. 

In order to destroy the corte.v, the surface of the gland was seared with 
a small Pacquelin cautery. The hilum and the areas near the poles where 
the arteries enter the gland were avoided so ns to interfere as little as 
possible with the blood supply of the medulla, so that the whole of the 
cortex was not in an}' case destroyed. 

The htemoglobin percentage of the blood was determined with a 
Haldane’s hoemoglobinometer, samples of blood being obtained by 
puncture of an ear vein. The changes in concentration which result from 
anoxaemia or from the injection of histamine were followed by taking 
successive samples of -05 c.c. of blood from an car vein. These were 
diluted vith 5 c.c. of distilled water to which a drop of ammonia had been 
added and after saturation with coal-gas, were compared in a Duboscq 
colorimeter. 

After a short series of ranging experiments with emanation to obtain 
the approximate dose for medullary destruction, l2 experiments were 
made, one of which (Exp. 6) is given in the appendix. In the text, 
extracts from typical e.xperiments are given, the experiments are num- 
bered Exp. 1, Exp. 2, etc. in the order in which they are referred to, except 
when more than one extract is taken from the same experiment. 

Estimation of the-amount of medulla in the adrenals hj the •paradoxical 
pupil dilatation. Effect of histamine. 

The superior cervical ganglion was removed on one side in order to 
induce a condition in which the paradoxical pupil dilatation could be 
obtained. It has been shown by one of us (7) that severe anoxtemia, pro- 
duced by adding nitrogen to the inspired air or by inhalation of pure 
nitrogen, causes no paradox or only a trivial one in adult cats after the 
removal of the adrenals. We have found that the injection of histamine 
also causes little or no paradox in the absence of the adrenals. In. the 
course of our experiments the following evidence was obtained as to the 
value of the reaction of the denervated pupil to histamine and to anoxtemia 
as a test of the amount of medulla which had escaped destruction. 

In cats TOth intact adrenals, the degree of paradox produced by 
anoxmmia and by injecting histamine runs parallel rvith that caused by 
injecting adrenaline. Usually the results are as in Protocol 1. 

Protocol 1. Cat, Wt 2-47 kilos. Eight superior cerr’ical ganglion excised under ether 
anesthesia 12 days previously. 

Adrenaline chloride, -001 mg., } maximal paradox, lasting 25": -002 mg., J maximal, 
lasting 65". 
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Histamine, -005 mg., trivial, lasting 20": -01 mg., \ maximal, lasting 30": -02 mg., 
1 maximal, lasting 1': -05 mg., f maximal, lasting 3'. 

Nitrogen inhaled 30", i maximal, lasting 30": nitrogen ,5.5", nearly maximal, lasting 3'. 

Blit the amount of adrenaline required to produce a certain degree of 
paradox varies in different cats; it may take even -02 mg. to produce a 
paradox. When the adrenaline is less effective, so also are anoxaemia and 
histamine, as in the example Protocol 2. 

Protocol 2. Cat, Wt 2 kilos. Pupil reactions 20 days after excision of the right superior 
cervical ganglion under ether anrcsthesia, before interference with the adrenals. 

Adrenaline chloride, -001 mg., nictitating membrane retracted, no trace of parado.x; 
•004 mg., J maximal, lasting 30". 

Histamine, -01 mg., nil; -02 mg., nil; -04 mg., nil. 

Nitrogen inhaled 40", nictitating membrane retracted, no paradox; nitrogen 35", 
doubtful transient pupil reaction. 

The parallelism of the effects of anoxaemia and histamine on the one 
hand and of adrenaline on the other, ceases when the medulla of the 
adrenals is at all serjpusly decreased. In the experiment in which radium 
emanation was implanted in one gland and the other gland excised, the 
degree of paradox caused just before death by anoxaemia and by in- 
jecting hi.stamine corresponded with the amount of medulla found post- 
mortem. The reaction to adrenaline, with one exception, was not altered 
by removal of the remaining healthy adrenal. The following will sen'e 
as an example of an experiment in which only a small amount of medulla 
remained. 

Exp. 2. Radium emanation in both adrenals (1-3 mg. in right gland, -84 mg. in left). 
Animal killed four months later. The right gland was completely necrosed. The left gland 
contained a few chromaffin cells at one end only, a large part of the cortex being intact. 

Three months after the implantation, when the cat was in excellent health, the reactions 
of the pupil to adrenaline remained unaltered, but the dose of histamine which earlier had 
caused a large paradox had no effect, and an inhalation of nitrogen for 60 seconds caused 
no pupil paradox though there was slight retraction of the nictitating membrane. 

Further, the emanation has a gradual action on the gland and we find 
that the effect of anoxemia and of histamine in animals that survive 
partial destruction of the adrenals, progressively diminishes till it ceases. 
Thus, in .the experiment just mentioned both histamine and anoxemia 
caused marked paradox a fortnight after the implantation, though less 
than before it (cf. also Exp. 6 in the Appendix). 

The facts given above show conclusively, we think, that the degree 
of paradoxical pupil dilatation caused by anoxaemia and by histamine 
is a measure of the amount of functioning medulla remaining at the time. 
The mode of action of anoxaemia and of histamine is more controversial. 
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Following the previous conclusion of one of us (7) on the action of nnox- 
a;nua, we have taken the effect to be due to their liberating adrenaline 
from the medulla. As regards anoxtemia this view has been conte.sted 
by Stewart and Rogoff(io). They claim to have .shown by their “ vejia 
cava pocket” method that asphyxia doe.s not cause increased output of 
adrenaline. Their e.xplanation of thcaction of asphyxia is that it “favour's” 
the action of adrenaline so that pupil dilatation is produced without 
change in the amount of adrenaliiic in the blood. In the conditions of our 
experiments, however, severe anoxamtia causes little or no dilatation of 
the pupil in the absence of the adrenals. In consequence any “favouring” 
effect there maj- be seems to us to be too small to account for the great 
pupil dilatation that occurs when a moderate amount of adrenal medulla 
remains. Further, the amount of injected adrenaline required to pioduco 
a paradox is decreased little or not at all at a time when anoxarmia and 
histamine cause none, which docs not suggest that the adrenaline nor- 
mally present in the blood is near the threshold ncccssaiy to cause the 
paradox. 

One or two points may be noticed with regard to the action of his- 
tamine. Its first effect is to cause dilatation of both pupils and when 
large doses are given the dilatation is of some duration and may mask 
the paradox. The paradox produced by the injection of histamine in the 
cat with intact adrenals is not due to the fall of blood-pressure which 
causes the dilatation, since no paradox is produced in tlie absence of 
the adrenals although the blood-pressure falls. At Dr Dale's suggestion 
the action of acetyl choline was tried by one of us. In a cat which gave 
a paradox with -001 mg. of adrenaline and -008 mg. of histamine, -Ot mg. 
of acetyl choline caused severe general effects with transient dilatation 
of both pupils but no trace of paradox. -Histamine produces the parado.x 
in cats mth intact suprarenals after section of the splanchnic nerves on 
both sides. On our view that it does so by the liberation of adrenaline 
this effect must be due in part at least to direct action on the adrenals. 

The concentration of the blood in various types of insufficiency. 

In the experiments in which we implanted emanation in one adrenal 
and subsequently removed the remaining gland, we used a wide range 
of dosage. With the largest doses rve obtained complete destruction of 
both cortex and medulla, mth death from acute adrenal insufficiency 
soon after the removal of the second gland. With the smallest doses the 
damage was chiefly to the medulla, as was shown both by post-mortem 
examination and by the pupil reactions during life. 
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Some degtee of concentration occurred in almost all the animals wth 
varying degrees of insufficiency Avhich we studied. In those which died 
rapidly, the rise in haemoglobin percentage, the fall in body weight and 
temperature, and the slovdng of the respiration rate proceeded side by 
side until death, and the haemoglobin value was an excellent prognostic 
guide to the ultimate issue, as in the following experiment : 

Exp. 3. Cat, Wt 1-93 kilos. -92 mg. emanation in left adrenal, right adrenal removed 
42 days later. Wt 1-89 kilos. Hb. 75 %. Resp. 50 per min. 


Days after 
removal of 

Wt in 

Hsem. 

Resp. 


right adrenal 

kilos 

o/ 

/o 

-per min. 

Temp. 

1 

1-86 

88 

53 

39-6 

2 

1-83 

88 

52 

39-4 

3 

1-82 

92 

45 

39-1 

5 

1-74 

98 

33 

38-3 

6 

1-70 

104 

30 

38-0 

7 

1-68 

104 

25 

37-8 

8 

1-63 

112 

Slow, irregular 

33-3 


Animal exhibited twitchings and unsteady gait; blood-pressure under ether 78 mm., 
killed. In the left gland the cortex was nearly all destroyed, but a little remained at each 
pole, and there were only a few small areas of chromaffin tissue. The pupil reactions also 
showed that there was very little medulla. 

In this animal the denervated pupil was slightly less sensitive after 
the final operation. It may be noted that this was the only animal in 
which any change in the sensitiveness of the denervated pupil was 
observed after interference mth the adrenals. 

The operation of removal of the second adrenal appears itself to cause 
a rise in the haemoglobin value, which is probably due to the action of the 
anaesthetic. In cats dying rapidly there is no recovery from this post- 
operative rise and the haemoglobin value continues to increase till death. 
In this cat the haemoglobin had risen from 75 p.c. to 85 p.c. by the after- 
noon of the day on which the final operation was performed and was only 
88 p.c. after 24 hours. This early abrupt rise was probably post-operative. 
In animals dying less rapidly this post-operative concentration is often 
more evident. After a rapid initial rise the haemoglobin may remain 
stationary for one or two days or even fall slightly before resuming the 
steady increase which continues till death. This is illustrated by Exp. 4 
in which, except for a small area of cortex at one pole, the whole of the 
left adrenal was destroyed after the implantation of 21 mg. of emanation 
for 18 hours, 15 days before the removal of the right gland. The animal 
survived 17 days after this last operation, finally dying with the usual 
symptoms of adrenal insufficiency. The haemoglobin percentage before 
the removal of the second gland was 80 p.c., four hours after the operation 
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ifc liad risen to 88 p.c., 24 hours after it was 100 p.c., 48 liours after it had 
fallen to 9G p.c. It then increased steadily, reaching 140 p.c. at death. 

In cats dying with a more chronic type of insnfliciency the concentra- 
tion has a different character. Fig. 3 show.s the changes in weight and 



Fig. 3. See text. Interrupted line=chango m body weight. 

Continuous = ** Lrcmoglobin percentage. 

in hajmoglobin percentage in a cat (Exp. 5) which survived 48 days after 
removal of the right adrenal, the left gland having been treated by the 
implantation of a dose of -26 mg. of emanation two months previously. 
No accessory adrenals were found at autopsy and the left gland, which 
was a very small one, when examined by serial sections showed only a 
few isolated chromaffin cells, though a good deal of cortex remained. 
After the removal of the right adrenal the haemoglobin rose from 77 p.c. 
to 98 p.c., fell on the fourth day to 83 p.c., again rose on the seventh day 
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(the hsemoglobin before removal of the unimplanted adrenal was 67 p.c. 
and at death was 71 p.c.) a deep-seated stitch abscess was found at 
autopsy and we think the infection caused anemia. 

The concentration of the blood follomng the injection of small doses of 
histamine in animals loith adrenal insufficiency. 

The second concentration phenomenon which we investigated was that 
which follows the injection of small doses of histamine in cats mth adrenal 
insufficiency. The changes in htemoglobin percentage in three normal cats 
folloTOng the injection of doses of histamine ranging from *01 to -05 mg. 
were as follows : 






Hb. % after injection 


Dose of histamine 

Hb. % before 

, — 


A 


— , 

in mgs. 

injection 

3' 

10' 

15' 

20' 

30' 

(1) 

•01 

52 

52 

— 

— 

— 

— 


•02 

52 

55 

— 

— 

— 

— 


•05 

52 

60 

— 


54 

52 

(2) 

•01 

85 

85 

— 





— 


•05 

85 

94 

88 

84 

— 

— 

(3) 

•01 

75 

83 

75 

— 

— 

— 


•05 

75 

85 

79 

75 

. — 

— 


These examples are typical of a large number of observations. It is 
seen that a dose of ’05 mg. causes a rise of the order of 10 p.c. which has 
disappeared in most cases in from 15 to 20 minutes after the injection. 
Smaller doses may or may not cause any concentration. 

A reaction of quite a different character occurs in cats with acute 
adrenal insufficiency. Fig. 4 shows the responses to three separate in- 
jections of -05 mg. of histamine in a cat (Exp. 9) in which the adrenal 
glands were removed at successive operations with an interval of nine 
days between them. A is the change in hsemoglobin percentage in 
response to an injection after the removal of one adrenal, but before the 
extirpation of the second. The hemoglobin rose from 84 p.c. to 90 p.c., 
faffing to normal in 20 minutes. After the removal of the second gland 
the cat survived three days. B and C are the responses to injections 
24 and 48 hours respectively after the final operation. In B the rise is 
from 94 p.c. to 103 p.c., and the hemoglobin has not returned to normal 
at the end of one hour. In C the rise is from 100 p.c. to 115 p.c. and two ■ 
horns afterwards the blood is still more concentrated than before the 
injection. In chronic insufficiency similar changes were observed except 
that in the later stages the increase iif concentration was much slower 
and lasted longer. Thus, in Exp. 5, -1 mg. of histamine injected on the 
47th day caused no change in hsemoglobin percentage in 10 minutes. In 
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the following 20 minutes the concentration rose from 97 p.c. to 101 p.c. 
and in two and a half hours it was 108 p.c. 



Fig. 4. Cat: Change in hrcmoglobin percentage cansed by -05 ing. hiataininc. ri, after 
removal of one adrenal, if and C, after removal of the remaining gland. 

AVhen the loss of medulla is much greater than that of the cortex, the 
hsemoglohin percentage rises rapidly and remains high for a considerable 
time. Thus, in Exp. 6, 71 days after removal of the untreated gland, the 
percentage rose from 87 to 99 in the first four minutes after injecting 
•05 mg. of histamine, remained at this level for IS minutes, fell to 93 in 
the next hour, but had not returned to normal in three and three-quarter 
hours. And in another experiment (Exp. 7) in which a large amount of 
medulla was destroyed hut less cortex, histamine had much the same 
efiect, but the rise in hasmoglobin percentage did not last quite so long, 
returning to normal in two and a half hours. 

On the other hand, when the cortex is largely destroyed by cauterisa- 
tion and the medulla is relatively little afiected the rise in the hfemoglobin 
percentage is much like that of a normal cat. Thus, in Exp. 10, -05 mg. 
of histamine on the third day after removal of the untreated gland caused 
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in four minutes a rise from 126 p.c. to 137 p.c., but this returned to normal 
in 15 minutes. 

The facts given above show that the type of concentration caused hy 
small doses of histamine are due to medullary and not to cortical defect. 
This conclusion is reinforced by a further observation which we have 
made concerning the concentration in response to histamine, both in 
normal cats and in those with varying degrees of insufficiency. This 
concentration either does not occur at all or is of a very trivial character 
if '5 to 1 c.c. of a *1 p.c. solution of adrenaline chloride is injected sub- 
cutaneously and given time to produce a paradoxical pupil reaction. The 
pupil reaction usually appears 10 to 15 minutes after the injection and 
lasts for four or five hours. The following are examples of the changes in 
the histamine concentration reaction of three norrnal cats caused by the 
previous injection of adrenaline. The haemoglobin percentage is estimated 
before and at various periods after the injection of *05 mg. of histamine. 




Hb. % after injection 

Relation to 

Hb. % before 


of histamine 

adrenaline 

injection of 

1 


-A 

injection 

histamine 

3' 

16' 

20 ' 30' 

(1) Before 

85 

94- 

84 

— — 

10' after 

85 

85 

85 

— — 

(2) Before 

75 

85 ■ 

79 

75 — 

40' after 

75 

75 

— 

— — 

(3) Before 

62 

60 

65 

— 52 

97' after 

52 

55 

— 

— — 


The same effect is produced in the case of the histamine concentration 
reactions in cats with adrenal insufficiency as the following examples 
show: 



Relation to 

Hb.% 

Hb. % after injection of histamine 


adrenaline 

before 

i 


A 


\ 

Exp. 

injection 

histamine 

4' 

15' 

. 30' 

1 hr. 

2 hrs. 

G 

Before 

87 

101 

— 



92 

— 


10' after 

87 

92 

87 

— 

— 

— 

1 

Before 

80 

95 

91 

88 

83 

— 


12' after 

80 

79 

80 

— 

— 

— 

5 

Before 

101 

112 

112 

Ill 

Ill 

119 


5 hrs. after 

103 

104 

102 

— 

— 

— 


In the normal animal the effect of histamine is to cause a concentra- 
tion which quickly disappears. The evanescent character of this effect 
seems to be due to the antagonistic action of adrenaline put out in in- 
creased amounts as the result of the injection. In animals with medullarj' 
insufficiency the absence of adrenaline in sufficient amount in the circula- 
tion t") antagonise the injected histamine allows the concentration to last 
for a longer period. Anoxsemia causes a concentration similar to that 
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produced by histamine. We have not investigated this phenomenon in 
any detail. 

The hypersensitiveness of animals mih adrenal insufficiency to histamine. 

Closely related to the histamine concentration effect is the increased 
sensitiveness of cats with adrenal insufficiency to the toxic effects of 
histamine. Dale(i) found that 10 mg. per kilo or even larger doses of 
histamine could be administered with only transient toxic effects to 
normal non-ana!sthetised cats by slow perfusion of a •! p.c. solution. On 
the other hand animals deprived of their suprarenals, before the appear- 
ance of any obmous signs of adrenal insufficiency, died as the result of 
the infusion of amounts varying from -IC to -75 mg. per kilo. In our 
experiments we studied these toxic effects of histamine in a different 
way, though in one or two experiments we used Dale’s method of in- 
fusing histamine into the saphena vein. A dose of -1 or -05 mg. of hista- 
. mine in -Ol p.c. solution in saline injected into the ear vein of a normal 
cat causes some of the symptoms observed by Dale and Laidlaw(3) 
following the injection of larger doses. There are transient rvide dilata- 
tion of the pupils, inhibition of the heart, sweating of the pads, salivation 
and congestion of the raucous membranes. There is never dyspnoea, nor 
is the circulatory failure so marked as to cause even the transient collapse 
of the animal. 

A very different picture is observed after the injection in animals 
suffering from adrenal insufficiency; the cat walks a few steps and after 
about 30 seconds falls over on its side with severe inhibition of the heart, 
pronounced dyspnoea and sometimes with Cheyne-Stokes respirations. 
This collapse is in some cases attended with general convulsions : the pupils 
are widely dilated and the animal looks ns if it were about to die. How- 
ever, in a variable time, four to ten minutes, it gets up and walks away 
apparently recovered. 

Exp. 9. A cat, weight 1*8 kilo, in which the adrenal glands were completely removed at 
two successive operations with an interval of a week between them, died of acute adrenal 
insufRciency three days after the second operation and no accessory adrenals were found 
at autopsy. Twenty*four hours after the removal of the second gland ‘05 mg. of histamine 
injected intravenously caused severe d^'spnoea which lasted for some minutes, but no 
■collapse. Forty-eight hours after the operation, when weakness and lowering of the body 
temperature wore evident, the same dose of histamine caused convulsions and collapse in 
u few seconds; the cat remained in a condition of profound shock ^vith dyspneea for a few 
minutes and then slowly recovered. 

IVe have studied the results of such small injections of histamine in 
cats with varying degrees of insufficiency. The gradual appearance of this 
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abnormal type of response to histamine in chronic adrenal insufficiency 
is well illustrated by Exp. 5 in which the cat survived 48 days after 
removal of the untreated gland. Before the extirpation of the second 
gland an infusion by Dale’s method of 10 mgs. of the drug per kilo 
produced only the transient effects observed by Dale in normal animals 
and small doses failed to cause any symptoms of collapse. Nine days after 
the extirpation of the untreated gland -1 mg. of histamine caused shock 
and severe dyspnoea. This hypersensitiveness to histamine continued 
throughout the life of the animal and increased toAvards the end. 

In cats surviving after extensive destruction of the medulla of one 
gland and complete extirpation of the other, these toxic effects were not 
constantly observed. In Exp. 6 this type of response occurred in the cat 
for the first time a fortnight before its death. The animal in Expi 1 showed 
increased sensitiveness to -05 mg. of histamine throughout its period of 
survival, but that of Exp. 7 at no time gave reactions of this type. In 
Exp. 2 in which emanation Avas embedded in both glands, the animal 
during the four months which elapsed before its death, shoAved no trace 
of this hypersensitiveness, though the infusion of 6 mg. per kilo of 
histamine caused its death some hours after the injection. 

Animals in which the cortex of one gland was severely damaged 
Avithout corresponding injury to the medulla almost invariably showed, 
after the extirpation of the untreated gland, hypersensitiveness to small 
doses of histamine. In Exp. 1 1 the right adrenal was removed 14 days 
after the cauterisation of the left gland. The animal remained in good 
health and was killed four and a half months later; a mass of cortical 
tissue, half the size of a normal gland, had deA’-eloped at the site of the 
hgature on the right adrenal vein. During the first tAA'o weeks after the 
remoAml of the untreated gland, the animal shoAved extreme general 
effects foIIoAving the injection of -05 mg. of histamine. The reaction 
became later less eAudent though the medulla showed no corresponding 
increase in function as judged by the reaction of the denervated pupil- 

The symptoms produced by small doses of histamine in hyper- 
sensitive animals are usually profoundly modified by preAdous subcu- 
taneous injection of adrenaline. Excess of .adrenaline in the circulating 
blood antagonises the histamine and prevents collapse from occurring. 
Schenk (9) has also found some evidence of this antagonistic action m 
man. In 'Anew, however, of the results just described we. cannot avoid 
the conclusion that deficiency of the cortex plays an important part in 
the hypersensitiA’’eness to histamine of animals Avith adrenal insufficiency. 
The antagonistic action of the subcutaneous injection of adrenaline may 
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bo to raise the blood-pressure to such a Icvclas to make collapse impossible. 
The increased output of adrenaline, which wo consider histamine causes, 
would servo to protect the animal against histamine collapse. 

The symptoms of chronic adrenal insufficiency. 

Our c.xperiments, so far as they go, support the conclusions of S wale 
Vincent and \Vheelor(ii) and of others that animals can survive in 
apparently good health for many months in the absence of nearly all 
the intm-medullary chromaffin tissue. Further, the destruction of 
sufficient corte.x appears to cause symptoms of acute insufficiency while 
some of the medulla is still functioning, though ns the symptoms of in- 
sufficiency become more marked the output of adrenaline from the 
residual medulla can no longer be demonstrated by the paradoxical pupil 
reactions. 

There is verj’ little in common between the symptoms of Addison’s 
disease and the picture presented by animals dying rapidly of adrenal 
insufficiency, apart from the lowered blood-pressure and muscular weak- 
ness which appear in both. The symptoms which appear in animals which 
survive in good health for long periods after the destruction of most of 
their intra-medullary chromaffin tissue are not very striking. The most 
notable change is in the temperament of the animals, which become 
quieter and more subdued. A subcutaneous injection of -5 mg. of 
adrenaline generally restores the animal for a time to its normal pre- 
operative conchtion. One animal which was rather wild before operative 
interference with its adrenals became thoroughly tame, but reverted to 
its wild state after the injection of adrenaline. 

Another symptom which we observed, though in two animals only, 
was the'developraent of dark brown patches of pigment in areas of the 
sldn which had been shaved. One (Exp. 0) was a black cat, the other 
was a tabby (Exp. 7). The skin when first shaved had a pinkish-white 
colour, but when shaved again a month later the general ground colour 
had become a dork grey and in addition there were definite patches of 
brown pigment scattered over the area. Control animals treated in the 
same way showed the general darkening of the skin but there were no 
patches of brown pigment. In none of our cats did we observe any 
pigmentation of > the inucous membranes. The brown patches of pigment 
in these experimental animals were shown by section to be iron-free. 
The pigmentation was therefore non-haimatogenous. The result is 
suggestive of a possible relation between. the pigmentation observed in 
Addison’s disease and the destruction of the medulla of the adrenals. 
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The destruction of the medulla may lead to the formation of non- 
haematogenous pigment from some precursor of adrenaline which cannot 
be elaborated by the damaged gland as in the normal animal. 

In chronic insufficiency of both cortex and medulla terminating in 
death the symptoms resemble more closely those occurring in acute 
experimental insufficiency than those met with in Addison’s disease. 
The animals usually appear to be in fairly good health until shortly 
before death. There is gradual loss of weight, increasing muscular weak- 
ness and change of temperament, but lethargy appears only with the 
fall of body temperature and slowing of the respiration rate which precede 
death. Towards the end a very striking symptom in animals dying from 
either acute or chronic insufficiency is the frequent twitching of the 
skeletal muscles. This can be abolished 'by placing the animals in a heated 
cage; the rectal temperature rises a few' points, and the twitchings, w'hich 
are probably a gross form of shivering, disappear, to reappear later if the 
animals are removed from the source of heat. 

The rise in hmmoglobin percentage is an early and valuable sign of 
insufficiency. The injection of small doses of histamine also provides a 
useful indication of the progress of insufficiency. • 

Conclusions. 

(1) The paradoxical pupillary reactions to anoxsemia and to the 
injection of small doses of histamine are a useful guide to the amoimt of 
functioning medulla in animals with varying degrees of adrenal in- 
sufficiency. 

(2) Histamine causes increased output of adrenaline and the effect 
is in part a direct one on the adrenals. 

(3) The concentration of the blood in animals dying of adrenal in- 
sufficiency is due to cortical defect. 

(4) The altered concentration reaction to small doses of histamine in 
such animals is due to medullary defect. 

(5) Both cortical and medullary defect appear to play a part in the 
'‘collapse” type of response to the injection of small doses of histamine. 

(6) The subcutaneous injection of adrenaline antagonises the action 
of histamine in causing concentration of the blood. It also masks the 
hyper-sensitiveness to histamine exhibited by animals with insufficiency. 

The emanation used in these experiments was supplied to us free of 
char^ by the Radium Institute. We wish to express our indebtedness to 
Mr Al^on, the Director of the Physical Laboratory of the Institute, and 
to Dr silage ne Wassmer, who prepared the emanation tubes for us. 
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Appendix 

Exp 0 Cat, weight 2 2 kilos 

2 IX 21 14 8 mg radium emanation embedded m left adrenal, rcniot cd four and a half 
hours later 

> T 21 Fxtirpation of right adrena iundcr ether anresthesm 
9 XI 21 Excision of left superior cervical ganglion under ether ancesthesia 
23 M 22 Death from enteritis Up till a few days before this event the animal was m 
good health, its weight was 2 2 kilos and the onl> changes noted apart from those in the 
pupil reactions were ita alteration in temperament, tho cat havmg become very much 
<iuieter than it was before interference with ita adrenals, tho development of dark brown 
patches of pigmentation in shaved areas of the skin, and certain changes in the concen 
tration of the blood 

The pupil reactions, which wero tested manj times during this long period of survival, 
show cd extreme dimmution in tho output of adrenaline in response to anoxwmia and to the 
injection of histamine On no occasion could an> trace of paradox be obtained with 
Instamme, though sometimes a barely perceptible reaction was observed m response to 
anoxicmia, the pupil remained throughout extremely sensitive to adrenaline Tho following 
ore examples of tho jmpil reactions during this penod 

4drenalmc chloride 0025 mg, neatly maximal, lasting 90' 001 mg, f maximal, 

lasting 30', 0005 mg , perceptible paradox, lasting 30' 

Histamine 02 mg, ml, 04 mg, ml, I mg. nil (reaction may have been masked hy 
prolonged dilatation of both pupils) 

29 XI 21 Nitrogen inhaled 50' — just (lerccptiblo paradox, lasting 2 

3 Ml 21 Nitrogen Inhaled 45'— just pcrcejitiblc paradox, lasting 2 
Id 1 22 Nitrogen inhaled '’O'— no trace of paradox 

jyjtri^en ujbaJed 55' — /lerroptiblo paradox,. Jastipg 90' 

12 M 22 Nitrogen inhaled 55' — no trace of paradox 
For other results compare pages 90, 03 <M, 90 and 07 
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ON THE NATURE OF THE SUGAR IN BLOOD. 

By L. B. WINTER, B.A. astj W. SMITH, B.A. 

{From the Biochemical Laboratory, Cambridge.) 

The experiments of Minkowsky (i) first establislied tke importance 
played by tbe pancreas in the metabolism of carbohydrate. Clark{2) 
showed that the consumption of sugar by the heart was increased when 
the perfusing fluid was also passed through the pancreas. In a later 
paper (3) he established the remarkable fact that perfusion of the pancreas 
with Locke’s solution, i.e. one containing dextrose caused the optical 
rotation to be dimiiaished whereas the copper reducing value remained 
unaltered. He suggested that the pancreas contained an enzyme which 
was responsible for converting dextrose into another form of sugar, which 
then could be utilised by the body. 

The recent work of Embden and his co-workers (4) has emphasised 
the importance of hexose-phosphoric acid in the carbohydrate meta- 
bolism of muscle. Since on hydrolysis hexose-phosphoric acid yields 
fructose, it seemed possible that the sugar in normal blood might be 
other than glucose. The primary aim of our experiments — begun in 1921 
— was, then, to investigate the nature of the sugar in the blood by a 
comparison of the polarisation, and copper reducing values. For this it 
was necessary to prepare a protein-free filtrate. 

Method. 

After testing the various protein precipitation methods usually 
employed for blood sugar estimations, we found that they aU gave on 
concentration! a fluid which was quite unsuitable for polarimetric deter- 
mination. The tungstic acid method of Folin and Wu(5) was least 
tedious, and gave a filtrate which was almost free from the precipitant; 
that all protein was not removed was made clear by nitrogen determina- 
tions, and by the turbidity which appeared when the filtrate was con- 
centrated to a small bulk. It was necessary, therefore, to employ some 
further process in order to remove the remainder of the proteins and to 
extractvthe sugar. The use of alcohol in a suitable strength to efiect both 
processesf^simultaneously suggested itself. In a series of trials 85 p.c. 
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alcohol was found to be the best extraction medium; this strength 
extracts all the sugar likely to be present and is sufficiently strong to 
coagulate all the remaining proteins. Until a neutral sample of sodium 
tungstate was obtained care was taken to adjust the reaction in the way 
recommended by Folin(O). Neutral samples were finally obtained from 
Messrs Harrington. 

The method finally adopted is as follows: The blood is precipitated 
according to the method of Folin and \Vu. Filtration is effected by 
filtering in succession through two funnels. In the upper one is placed 
a coarsely grained paper, in the lower a Whatman paper No. 40. The 
double filtration removes all of the precipitate which it is possible to 
remove bj' filtration at this stage. The filtrate is concentrated almost to 
dryness in vacuo, not allowing the temperature to rise above 40° C. 
Capiylic alcohol is used to prevent foaming. A volume of 85 p.c. alcohol 
equal to the original volume of blood is then added to the distillation 
flask, and an immediate precipitation of the remaining proteins and 
tungstate takes place. The alcohol is allowed to stand in contact with the 
residue thus formed at 40° C. for 20 minutes with occasional shaking, so 
as to ensure complete extraction of the sugar from the solid mass. The 
alcohol is filtered into a small distillation flask and a further quantity of 
alcohol equal to half the original amount is added to the first flask in 
order to complete the extraction. This is allowed to stand for ten minutes 
with shaking as before. The combined filtrates are concentrated in vacuo 
at 40° C. until almost dry. The residue is taken up in a small quantity of 
water, the amount depending upon the original volume of blood used, 
and then filtered (usually 20 to 30 c.c.). The filtrate is perfectly clear 
and suitable for polarimetric determinations. A one decimetre tube is 
usually employed owing to the amount of fluid available being small, 
and a considerable amount being required for the copper reducing 
estimation. 

The final filtrate was tested by the protein and biuret colour reactions ; 
negative results were obtained. A determination of the nitrogen showed 
that it was no greater than coidd be accounted for by the extraction by 
the alcohol of urea and similar substances. In order that an accurate 
comparison may be made between the polarimetric and copper reducing 
values of the blood sugar, it is necessary that every trace of protein be 
removed; if this condition be not obtained, not only are the optical 
properties of the solution liable to be affected to an unknown and variable 
extent in each experiment, but in determining the copper reducing value 
of the sugar, there is a danger of traces of protein giving rise to substances 



102 


L. B. WINTER AND W. SMITH. 


whicli will reduce the alkaline copper solution. Owing to the careful 
control of temperature, and the very small concentration of acid, we do 
not consider that the method would tend to split off copper reducing 
substances from possible gluco-genetic bodies. 

To determine how completely the sugar was extracted by the alcohol 
employed, the residue left behind after the filtration of the alcohol was 
shaken up and extracted with wato •. The filtrate now was perfectly clear 
showing that the remaining protein was not readily redissolved. Copper 
reducing determinations and polarimetric readings showed no measurable 
amount of sugar present. To test whether the relation between the 
polarimetric and copper reducing powers of glucose would be altered by 
this treatment, a solution of pure glucose was concentrated in tlie 
presence of tungstic acid ei ployed for precipitation, extracted with 
alcohol, and made up with water. The copper reducing power was then, 
if anything, slightly lower than the polarimetric value. Possibly the 
larger amount of free acid caused slight disaccharide formation (7); 
normally all but a small amount of tungstic acid combines with the 
protein and is so removed. 

The filtrate is invariably slightly acid and therefore most likely to 
stabilise the sugar originally present. It soon however became evident 
that the instability of the original sugar made it essential that concen- 
tration of the aqueous filtrate should be effected as quickly as possible. 
This we have always done, and as soon as the final filtrate was obtained 
we have made a quantitative comparison of the sugar by polarimeter 
and copper reducing power. We have made no attempt to obtain in our 
final filtrate all the sugar originally present in the blood. To have 
attempted quantitative extraction would have lengthened the process 
very considerably. Our sole concern was to obtain the sugar in a form 
as nearly as possible approximating to that normally in the blood. Our 
experiments from the beginning of protein precipitation to the polari- 
metric reading usually occupied five hours for 100 c.c. blood; when less 
blood was used the time taken was much less. Of this time only a com- 
paratively short period is occupied in what we find to be the dangerous 
stage, viz. the concentration of the aqueous filtrate. 

The copper reduction method which has been adopted throughout is 
^at of Bertrand as modified by Wood and Berry (8); it had been 
pKOTously determined by us that this gives reliable and consistent 
results; the large amount of fluid used and the convenience of a per- 
manganate titration being points in its favour. A comparison of this 
method wi\h values obtained from the polarimeter was undertaken witli 
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a sample of pure glucose (for this wo are indebted to Dr C G L olf) 
The degree of accuraey obtained may be seen from the following figures 

Glucose M eight taken 2i}35gin made up to 100 c c \Mth water 
Copper reduction \aluo 23 % 

Polanmcter 2-12 „ 

The polanmeter used is a three field instrument made by Hilger 
of London, the illumination being the mercurj green line This has the 
advantage of giving a higher specific rotation than that obtained from 
the sodium light The hght also is steady and can easily be varied in 
intensity by the resistances with which it is connected By means of the 
instrument used readings to -01 degree can be obtained The mean of a 
senes of readings by each of us was taken whenever possible As a 
rule complete agreement was obtained, it was noticeable though that 
when one of us had been bled this agreement no longer held, in these 
cases the reading from the other was accepted It had been previously 
noticed that a comfortable position and normal mental state are 
necessary for reading colonmeters and similar instruments 

The amount of sugar extracted is approximately J to J of that 
indicated as being present by the micro estimation There is no possibility 
of more than one sugar being present and of one being preferentially 
extracted by the solution of alcohol employed, as no trace of sugar was 
found to be extracted by water after the alcohol treatment had been 
completed From the final filtrate in some of our cvpenments an osazone 
was prepared This was reerj stallised Microscopic examination showed 
onlj glucosazone to be present , melting point determination gave 205° C , 
which was sharp and well defined This figure corresponds to the accepted 
value of the melting point of glucosazone 

The figures obtained by Bang’s old method (this was used by us for 
the quantitative estimation of the blood sugar content) give only an 
approximation to the actual content m the whole quantity of blood 
drawn owing to the sample being obtained at one penod only of the 
operation This should be noted in connection with the nervous factor 
which IS apparent in one of the cases discussed below 

Experjtnenls with animal blood 

A series of expenments was earned out using the blood of different 
animals, ox, sheep, cat and rabbit That from the ox and sheep was 
obtained from the slaughter house, that of the other animals, from those 
killed for the purpose in the laboratorj without ansesthetics 25 to 
100 c c were usually employed, depending upon the animal This blood 
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.was treated as has been described above. The final filtrate when read in 
a one decimetre polarimeter tube usually gave a value considerably 
below that obtained by the copper reduction method. The copper reduc- 
tion value was calculated as glucose. Calculating also the polarimeter 
reading as glucose the difierence between the two results was very 
apparent. 

The work of Hewitt and Pryde<9) suggested that an unstable form 
of glucose might be present; the tubes were therefore read for at least 
three days after the completion of the experiment. The readings in each 
case gradually approached, and usually reached at the end of this time, 
a rotation corresponding to the a, jS equihbrium form of glucose. The 
copper reducing value was unaltered at the end of this time. As men- 
tioned above, the speed at which the concentration of the aqueous 
filtrate is carried out is of the greatest importance. If faulty water- 
pressure delays the concentration, or the temperature is allowed to rise 
unduly, the polarimetric is very close to, or even above, the copper value. 
It was found that rapid concentration was most readily efiected by 
employing large distiUing flasks of two htre capacity. The distillation 
was begun with only about one half of the filtrate, the remainder being 
added at intervals by means of a funnel connecting with the capillary. 
The effect of this is to enable the distillation to proceed smoothly and 
continuously while the fluid is being added, and at the same time avoids 
the necessity of allowing air to enter the flasks in order to stir up the 
fluid. 

To test whether appreciable alteration in the state of the sugar took 
place at room temperature when in contact with the precipitated proteins, 
two samples of the same blood were taken: one was precipitated, filtered 
immediately, and proceeded with as usual; the other was precipitated, 
allowed to stand for six hours, and. then filtered and treated as usual. 
The readings of the final products were both identical as regards their 
copper reducing and polarimetric values. 

Some experiments were carried out to determine whether a ferment 
or ferments are present in blood which will convert added glucose to 
another form of sugar. The sugar was added before and after precipitation 
of the proteins and allowed to stand at room temperature, 20° C., for 
one hour. The amount of glycolysis being inappreciable under these 
conditions, almost identical results were obtained from the two samples, 
indicating'that no such ferment can be present, or at any rate, that it is 
unable to work imder the conditions of our experiments. Hewitt and 
Pryde’s experiments (9) suggested that if any change were to take place 
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it would occur with great rapidity. Our negative results are in agreement 
with the conclusion of Cooperand Walkor(iO), who state that no such 
■enzyme is present in the blood. 

The only experiments which we can find in which the sugar of the 
blood has been investigated as regards its copper reducing power and its 
polarimetric value are those of Oppler(ii). We attribute the little or 
no difference he found in the two values to the long time required to 
■obtain a concentrated protein free solution by the method he employed, 
■and to the sugar being in aqueous solution throughout — conditions which 
would allow the sugar to bo converted into the a, JS equilibrium form. 

Experiments' with human blood. 

In view of the results obtained from the blood of animals, it became 
of interest to determine the condition of the sugar circulating in the 
blood of man. The blood was drawn from an arm vein by means of a 
hjqiodermio needle and syringe into a known amount of •! p.o. ammonium 
oxalate solution in a measuring cybnder, mth constant shaking to 
prevent clotting of the blood. The precipitation was then carried out at 
once. These operations were carried out at Addenbrooke’s Hospital, 
except in two diabetic cases. At the same time a sample of blood was 
taken on which a quantitative estimation was effected by Bang’s old 
method. 

In normal persons wth one exception the first polarimeter reading 
on the final filtrate showed that sugar in the blood had a specific rotation 
which was considerably below that of a, p glucose as deduced from the 
copper value. This is entirely comparable with our experiments with the 
blood of animals. The curves approach the copper value in a similar 
fashion; in some cases this value w'as not reached, and some subsidiary 
action was evidently occurring. In Fig. 1 are shown the curves of the 
polarimetric readings of three normal individuals. It will be seen that 
in each case they start below their respective copper values. These are 
calculated for glucose. The curve of H.M. did not quite reach its end point 
in four days. Both of the others were in equilibrium oJi the third day. 

Hewitt and Pryde’s experiments(8) suggest that solutions of glucose 
and fructose in contact with the mucous membrane of the intestine are 
converted into y glucose; presumably they enter the blood in this form; 
to test this it seemed desirable to determine whether any alteration in 
the nature of the blood sugar could be brought about by ingestion of 
considerable quantities of these sugars. While the experiments with 
glucose might be open to doubt on the grounds of a small difference in 



106 


L. B. WINTER AND W. SMITH. 


tte curve being possibly produced by delay in the concentration of the 
filtrate, any considerable amount of fructose present in the blood uould 



Fig, 1. Increase of poiarimeter reading on successive days, 
Normal subjects: L J. B. S. H. II, G, M, D. JJI. H. M. 


be more likely to be detected, since tbe specific rotation of fructose is 
so much greater than that of glucose, and still greater than that of the 
normal sugar of blood. It might reasonably be expected that with 
fructose lasvo rotations would be obtained. 

The normal blood sugar content which we obtain bj'' Bang’s old 
method is -08 p.c. to *1 p.c. After meals of 100 to 150 grams of glucose 
or fructose this rises to -13 or -Id p.c., i.e. the content of the blood 
sugar has increased by 50 p.c. The blood was drawn half-an-hour after 
the meal. If this sugar had been in the condition as ingested, a marked 
alteration of the ratio copper reduction to poiarimeter should have been 
apparent. This however did not occur. The ratio of copper reducing 
poAver to poiarimeter reading was similar to that of normal blood. We 
conclude therefore that glucose and fructose enter as, or at any rate are 
very rapidly converted into, the form normally present in the blood. 
In Fig.'2 the results of three experiments on L. B. W. are showp. Quan- 
tities'of blood varying from 55 to 100 c.c. were taken, but for purposes 
of comparison one copper line is taken in order to emphasise the fact 
that the^tio copper value to poiarimeter was approximately the same 
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at the beginning of each curve. This shows that the sugar which recently 
entered from the intestine had been converted into normal blood sugar. 



Fig. 2. Increase of polarimctor reading on eucccssivo days. L. B. W. I. Normal. II. After 
100 grams of glucose. III. After 160 grams of fructose. {The curves ore scaled to a common 
copper value.) 

In view of the facts mentioned above, it became of interest to see 
whether the blood of patients suffering from diabetes meiiitus differed 
from that of normal persons. The cases investigated of subjects suffering 
from diabetes have all been of the severe type. As a consequence it has 
only been possible to obtain a comparatively small quantity of blood 
from each. It is important to note that owing to the high sugar content 
a much smaller quantity of blood is required with a consequent accelera- 
tion of the manipulation. If the blood sugar was even approximately 
normal in quality it should be very evident, since there would be less 
time elapsing between the precipitation and the final product. In three 
cases the polarimeter reading was slightly above the copper reducing 
.value. Any considerable amount of /5-oxybutyrio acid present in the 
final filtrate' would tend to throw the rotation in a lajvo direction, as the 
l-form is the only one present in these cases. The curves reached the 
copper value on the second or third days. In one case the polarimeter 
reading was considerably above that of the copper reducing value; the 
possible meaning of this is discussed later. 

It is probable then, that in severe oases at any rate the normal 
Wood sngaris present only in very small amounts and it is possiWe that 
the failure to utilise sugar is due to the lack of some ferment, which has 
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the property of converting glucose and fructose to the form normaUj 
present in the blood, and that the sugar in cases of diabetes is mainly 
the c, equilibrium form of glucose. 

In Fig. 3 curves are shown of two diabetic cases with one normal foi 



Fig. 3. Curves of polarimeter reading on successive days, I. Diabetic. 11. Diabetic. 
III. H. L. W. (normal). (The curves are scaled to a common copper value.) 


comparison. As in Fig. 2 one copper line only has been taken, the curves 
showing the polarimeter readings being scaled so that the ratio polari- 
meter reading to copper reducing value is unaltered. It will be seen that 
the diabetic curves approach the copper line from the opposite side to 
that in the normal case. 


One of the “normal” cases (J. C. C. P.) presented features differing 
from those of the others. The subject had no diabetic history, and was 
perfectly healthy. Determination of his blood sugar by Bang’s old 


method gave *17 p.c., which is abnormally high as is shown in the pro- 
tocols. Even in the cases of feeding with sugar, this amount was not 
reached. The maximum amounts so obtained were -IS p.c. rvith G. 
after 160 grams of glucose, and -14 p.c. with W. S. after taking 100 
grams of glucose. Further, the ratio of polarimeter to copper reduction 
val^e was higher than in other experiments on normal persons. The 
results we think were due to the psychological condition of the subject. 
He whs somewhat nervous about the operation, which is not entirely 
painles* np.rvnns infliifitices can affect the sugar content of the blooa 
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in a variety of ways. We determined his blood sugar next day by Bang’s 
method, and obtained the figure -12 p.c., which would tend to support 
this view. 

One experiment was made on a case of cerebral hajmorrhage in which 
there was sugar in the urine. The subject was on a milk diet, was comatose 
and apparently uneonscious that blood (100 c.c.) was being drawn. 
A large amount of sugar was present in the blood. The ratio polarimeter 
to copper reducing value was however much below that of the diabetic 
cases. The polarimeter value attained the copper value in 12 hours, the 
short time being no doubt due to the difference between them being 
oripnally slight. Thus the change was like that of normal, and not like 
that of diabetic subjects in which the polarimeter value approaches the 
copper line from the upper side. 

Discussion. 

The nature of the normal blood sugar wo leave for the present 
undecided. Since the sugar yields an osazone having the same melting 
point as glucosazone, and the same microscopic appearance, it is prob- 
ably a hoxose. The failure to obtain Imvo-rotation may possibly have 
been duo to a rapid change in the sugar notwithstanding the care taken 
to prevent it. Professor Hopkins suggested that if alcohol were used 
throughout as a precipitant, alteration of the sugar might bo prevented. 
This was tried but the clear filtrate was dextro-rotatory. 

The method tokes much more time than tliat with tungstic acid. Alcohol allows fatty 
substances to pass into the liltroto, whilst by tho tungstic acid method almost tho whole 
of tho fatty bodies remain entangled in tho pircipitato; end it was only after repeated 
filtering in tho Tarious stages that a clear fluid suitable for polarimetrio observations was 
obtained. 

On applying Seliwanofl’s test for fructose, negative results were 
obtained, indicating the absence of Imvulose and pseudo-lrovulose (iso- 
glycuronic acid). 

The sugar we consider is some form of glucose. We have seen that 
the polarimetric readings finally reach a value corresponding to that 
given by a, p glucose in equilibrium. ^Further experiments on the final 
filtrate as soon as obtained showed that KMnOa(i 2 ) was decolourised 
with great rapidity when compared with a solution of glucose of equal 
concentration ; but after being allowed to stand for some days until the 
polarimeter reading has risen to a value corresponding to that of a, /3 
glucose, the deoolorisation is slow and approximates to that of a, p 
glucose. It is suggested therefore that the decolorisation by the fresh 
filtrate is due to the sugar and not to some impurity. It is in harmony 
with this view that, according to HeWitt and Pryde(9), sugar solutions 
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introduced into the intestine undergo a rapid down-ward muta-rotation. 
The enzyme responsible for the conversion being apparently absent from 
the blood, and the reaction of the blood being alkahne, suggests that it is 
impossible for so reactive a sugar to exist free in the blood. The 
combination, if combination there is, must be of the nature of an unstable 
glucoside for it is well estabhshed that the sugar of the blood is readily 
diffusible. 

Experiments after taking glucose and fructose indicate that these 
sugars are rapidly changed into the normal form present in blood. 
Nef (13) suggested that the reaction d-fructose ->• glucose must take place 
with the intermediary formation of an enohc form. It is probable then 
that the normal blood sugar is y glucose, and that it arises from the 
enolic form. 

IVlule the work of Hewitt and Pryde(9) may account for the 
formation of y glucose owing to passage through the intestinal wall, 
some further explanation is necessary as regards the sugar -which is 
formed from glycogen. The experiment -with J. C. C. P. suggests that 
y glucose is formed not directly by glycogen breakdown,, but as the 
result of the interaction of some other mechanism. We may therefore 
picture the processes: 

glycogen -> c, ^ glucose -> y glucose occurring. 

For the first stage of this process the fiver diastase is the active agent, 
for the second stage the work of Clark (2, 3) suggests that the pancreas 
is responsible. 

We have confirmed Hewitt and Pryde’s observations (9) that ex- 
tracts of the mucous membrane of the intestine do not alter the specific 
rotation of glucose solutions in vitro, and we can only suggest that as 
the result of some stimulus the pancreas secretes an enzyme, or enzymes, 
which cause the change a, glucose y glucose. Some experiments 
on which we are at present engaged tend to support this view. 

The marked difference shown between the curves of polarimetnc 
readings obtained from normal subjects and severe diabetic patients 
throws a new fight on the etiology of the disease. It is probable that 
glucose can only be stored and utilised after passing through the y form, 
and that the severity of diabetes depends on the degree to which the 
\ po^ver to form this sugar is lost. In the severe cases which we have 
examined there was no y glucose which we were able to detect, any 
'small amount present being masked by the large amount of other sugar 
in the solution. This -would be especially the case in the diabetic-where 
tiie very high ratio polarimeter to copper value suggests that a certain 
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amount of sugar may be present of which the ratio is higher than that 
of a, j3 glucose. We were unable to test this by acid hydrolysis omng to 
the small amount, of filtrate in the final product. The further fact that 
the polarimetcr curve does not reach the original copper value tends to 
support this liypothe.sis. It seems feasible to conclude that the direct 
cause of diabetes is the lack or inactivation of the enzyme which causes 
the conversion a, ^ glucose y glucose. 


Summary. 

1. A method is described for obtaining the sugar of blood in a con- 
centrated solution free from proteins. 

2. By means of this it is shown that thesugarin nonnal blood of man, 
and of the ox, sheep, cat and rabbit, is an unstable form of glucose, with 
an initial low rotatoiy power. It is suggested that the sugar is y glucose. 

3. Glucose and fructose taken in large quantities per os cannot be 
detected as such in the blood, their conversion into normal blood sugar 
being vary rapid. 

4. Nen-ous influences alter the nature and quantity of the blood sugar. 

5. The blood sugar of persons suffering from severe diabetes mellitus 
is of an abnormal nature. It appears to be the a, p form of glucose. 

0. An cnzj'rae is postulated whereby the a, p equilibrium form of glu- 
cose is converted into y glucose. This cnzj’me is absent from the blood. 

7. The absence or inactivation of this enzyme is suggested as the 
cause of diabetes. 
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PROTOCOLS. 


Akimals. One experiment only is given of those made on each kind of animaL 


Initial polaiimeter Final Copper reducing 
reading , reading value 

R. R. R. . 


Rabbit, 50 c.c. blood 
Cat, 80 c.c. blood ... 
Sheep, 100 c.c. blood 
Ox, 100 c,c. blood ... 


Expekimests on Man. 


H. L. W. NormaL 95 c.c. blood 

H. L. W. 150 gm. fructose. 100 c.c. blood 
G. f. T. NormaL 85 c.c. blood 

G. F. T. 150 gm. glucose. 55 c.c. blood .. 

H. M. NormaL 72 c.c. blood 

J. C. C. P. NormaL 100 c.c. blood 

J. B. S. H. NormaL 70 c-c. blood 

G. .\l. D. NormaL 70 c.c. blood 

W. S. 100 gm. glucose. 65 c-c. blood 

L. 6. W. NormaL 100 c.c. blood 

L. B. W. 100 gm. glucose, 55 c.c. blood .. 
L. B. W. 150 gm. fructose. 100 c.c. blood 
Diabetic (Dr J. Aldren Wright’s patient) 

IS c.c. blood 

Diabetic (Dr J. Aldren Wright’s patient) 

t 20 C.C. blood _ 

Diabetic (Dr G. Graham’s patient). 21 c.c 

blood ... _ 

Diabetic (Dr G. Graham’s patient). 13 c.c. 
blood ... ... 

G. P. (cerebral h-Emorrhage. Dr Lloyd 
Jones’Npatient). 100 c.c. blood 


•02 

•07 

•08 

•03 

•08 

•08 

•04 

•08 

•08 

•03 

•12 

•12 


Polarimetric 
readings on 
successive days 

Copper 

reducing 

value 

Bang 

R. 

R. 

% 

•07, -08, -09, -11, -11 

•11 

— 

•04, -06, -09, -10, -10 

•10 

■13 

•03, -06, -05, -10, -09 

• -10 

— 

•04, -06, -08, -08, -08 

■08 

■13 

•02, -03, -08, -10, -10 

•12 

•10 

•20, -19, -20, -18 

•21 

•17 

•08, -09, -10, -10, -10 

•10 

•17 

•02, -05, -08, -08, -08 

•03 

•08 

■05, -07, -09, -08, -08 

•08 

•14 

•07, -11, -13, -14, -14 

■14 

•09 

•04. -05, -08, -09, -09 

•09 

•13 

•06, -OS, -10, -13, -14 

•16 

•12 

•11, -10, -09, -09 

•09 

— 

•11. -10, -10, -10 

•10 

— 

•11, -10, -OS, -08 

•08 

— 

•07, •OO, -05, -05 

•03 

— 

•21, -26, -24, -25 

•25 

— 
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Modern views regarding (a) the transport of carbon dioxide in the blood 
and (6) the maintenance of the neutrality of the blood, are based on 
Hamburger’s hypothesis that tlic red cell is freely permeable to anions; 
The doctrine of the impermeability of the red cell to kations has been 
put forward by a large number of observers — GUrbcr(l), HoborP), 
Koeppepj.DeBoerH), Overton (5),Doisy and Enton(0),and Mukaic) 
— and, in fact, has met with general acceptance. According to Hnm- 
burger(8|, however, the cell envelope is not impermeable to kations. He 
regards the sodium and potassium ions as existing in a state of dynamic 
equilibrium with one another, and able to interchange wnth one another 
under certain conditions. Thus, when the quantity of carbon dioxide in 
equilibrium OTth blood is increased from 10 p.c. to 20 p.c., potassium 
passes into the corpuscle and sodium out. 

The first experimental observations on the effect of carbon dioxide 
on the blood were made by Zuntz in 18C7. He found that the alkali of 
the serum wus increased in amount when blood was submitted to high 
tensions of carbon dioxide. Zuntz assumed that this phenomenon was 
due to the carbon dioxide splitting sodium from a sodium protein com- 
pound. The liberated sodium combined with carbon dioxide and formed 
sodium carbonate. By further absorption of carbon dioxide sodium 
bicarbonate was produced, which, by a process of diffusion, became equal 
in amount on both sides of the cell. 


PH. LVII. 
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The pernieabilitj'- of red cells to the chloride ion was demonstrated by 
lNasse{ 0 )iu 1874. and subsequently, Hamburger and his school showed 
the general permeability of the red cell to anions ( — Cl, — -PO^, — SO 4 , 
etc.). On Hamburger’s hypothesis the Zuntz phenomenon, i.e. the 
increased quantity of alkali present in serum after the treatment of blood 
with carbon dioxide, is assumed to be due to the passage of anions — 
chloride mainly — from the serum into the cell and not to the passage of 
sodium from the cell into the serum. 


Gurber’s suggestion that carbonic acid reacts, with the sodium 
chloride present in serum forming sodium bicarbonate and hydrochloric 
acid, of which the latter diffuses into the cell, is an expression of these 
observations. Such an action might take place to some extent if the 
active mass of carbonic acid were large compared to that of the sodium 
chloride. But the fact that considerable quantities of sodium chloride 
are present, not only in the serum but also in the red cells, and that 
these cells are freely permeable to carbon dioxide appears to form an 
effective barrier against the acceptance of Gurber’s hypothesis. 

Quantitative experiments by Van Sly ke and Cullen (lO) have shown 
that after treating blood with carbon dioxide at high tension, only about 
one half of the additional carbon dioxide carried by seruqr can be ac' 
coui^ted for by the change in the chloride ion concentra^on. These 
observations accord with those of McLean, Murray and L. J. 
Henderson(ii), who find that with varying tensions of carbon dioxide 
only two-thirds of the bicarbonate is accounted for by chloride. On the 
other hand Fridericia(i 2 ) and Mukai(7) both find that the increase in 
the carbon dioxide capacity of the serum is exactly equivalent to the 
chloride loss. 

The observations on the distribution of chloride and bicarbonate ions 
between the red cells and the serura, and the impermeabihty of the red 
cells to kations, have been submitted to mathematical analysts by 
4Varburg(i3), and according to him may be explained on Donnan’s 
theory of the distribution of permeating ions in two phase systems con- 


taining non-permeating ions. 

In the following pages the effects of carbon dioxide on the distribution 
of electrolytes between the cells and serum of blood are recorded. The 
correlation of the ionic interchanges between the corpuscles and serum, 
and the variations in the carbon dioxide carrying powers of these fluids, 


do ftqt support the hypothesis that the red cell is permeable to anions 
only, 'Kations move freely across the envelope of the red cell under the 
influen^of carbon dioxide and take an important part in the mainten- 
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aiice of the neutrality of tlie blood, and the transport of carbon dioxide. 
Jinny of the experiments wore carried out on blood saturated with carbon 
dioxide. It has been stated by Overton tlint results obtained after 
saturating the blood with carbon dioxide do not represent the changes 
which take place in the animal when the tensions of carbon dio.xide vary 
between small limits only. This objection would bo valid if (a) the red 
cell functions ns a living cell, since high concentrations of carbon dioxide 
have o pronounced narcotic action on living tissues or (6) carbon dioxide 
decomposes substances in the red cell which arc involv'cd in preserving 
the neutrality of the blood. In point of fact the results observed on 
varying the carbon tension from 0 mm. to <10 mm. Hg, and from 0 mm. 
Hg to saturation vary in degree only. Further, the ionic interchanges 
which occur between the serum and torpuscles at high carbon dioxide 
tensions are completely reversible when the tension is lowered. Therefore 
the two objections are untenable and the results obtained on .saturating 
blood with carbon dioxide may be accepted os showing in a gross degree 
the changes which occur with small variations in carbon dioxide tensions. 

The experiments wore made on fresh sheep’s blood. It was impossible 
to carry out nil the experiments on one sample of blood. Therefore, in 
order to correlate the results it was necessary to carry out the analyses 
on a series of different bloods and to average the figures. Each analysis 
is the result of two determinations which did not differ by mote than 
1 p.c. 

The relutivc volimee of red rcHe mid serum in blood. 

Some of the results recorded depend upon the relative volumes of 
cells and serum in blood. To determine these values, 50 c.c. of the blood 
under examination was submitted to prolonged spinning in a powerful 
centrifuge (about J hour at 8000 to 10,000 revolutions per minute). At 
the end of this time the serum was carefully pipetted off, and mea.sured. 
This method raises the question whether the degree of centrifugal foice 
affects the relative volumes of cells and serum; that is, whether the fluid 
can be e-xpressed from the red cells by centrifugal force. Wth any 
sample of blood a constant value can be obtained by prolonged spinning, 
beyond which no further separation can bo made. This might ho due to 
an equilibrium set up between the centrifugal force and the altered 
osmotic pressure of the red cell. To settle this question the volume of 
the red cells contained in a definite quantity of blood was determined. 
The red cells were then suspended in a volume of Ringer solution equal 
to that of the original blood and again centrifuged. The corpuscular 

8—2 
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volumes in eact case •were identical. The specific gravities of the serum 
and the Einger solution difiered uridely — 1032 and 1010 respectively — 
and therefore the centrifugal force to which the corpuscles were submitted 
differed to a corresponding degree. Hence it appears that on spinning 
blood the corpuscles are not compressed and that the values obtained by 
this method give the true corpuscular volume. 

Many of the experiments are recorded under the terms: “Normal 
blood,” “Carbon dioxide free blood,” and “Carbon dioxide saturated 
blood.” “Normal blood” implies blood which has been put into equi- 
librium with the alveolar air of the lungs. The term “CO 2 free blood” is 
applied to blood through which COg free air has been aspirated for a 
considerable period of time (about 2 hours) until no further evolution of 
CO 2 can be detected by baryta water. Such blood is never free from CO 2 
when tested with sulphuric acid. “CO 2 saturated blood” designates 
blood which has been submitted to the action of carbon dioxide until no 
more gas is absorbed. 

The variation in the corpuscular volume of blood with varying carbon 
dioxide contents was described by Limbecb(i4) in 189i, and can be 
readily observed by direct experiment. The degree of change, however, 
is a definite function of the time. This fact is evident from the following 
results which show the volume of serum obtained from 100 c.c. of normal 
blood, and from the same blood, saturated with CO 2 , after varying times. 


Blood (100 c.c.) 

Time after 
saturatioB 

Serum 

Corpuscles 

Normal 

— 

60 c.c. 

40 c.c. 

COj saturated 

5 mins. 

52 „ 

48 „ 

19 

■ 2 hours 

56 „ 

43-4 „ 

91 

4 

58 „ 

41-6 „ 


In the experiments recorded a period of approximately two hours 
elapsed in the preparation of the different samples of blood, so that this 
time factor may he regarded as constant. The following figures give the 
corpuscular volume for four different samples of blood, and the average 
values are those used in the calculations given in later experiments. 

Volume of scrum from 100 c.c. of blood: 



COj free 

Normal 

COj saturated 

(1) 

67 C.C. 

66 c.c. 

60-5 c.c. 

(2) 

62 „ 

63-5 „ 

60 „ 

. (3J 

60 „ 

60 „ 

55 „ 

\ 

60 „ 

60 „ 

•.56-6 „ 

.'^verage 

62-5 „ 

62-4 „ 

58 „ 

Average volume of cor- 
puscles (oy difference) 

3>*o ,, 

37-6 „ 

42 „ 
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It may be assumed that under these experimental conditions the 
volume of the scrum from CO™ free blood is identical with that from 
normal blood. Presumably during the process of abstrao'tion of COj from 
the normal blood any alteration in volume resulting from the removal 
of the CO™ adjusts itself during the prolonged period necessary to remove 
the last trace of CO™. Probably the CO^, to which the red cell is freely 
permeable, increases the number of ions in the cell by the decomposition 
of some previously sbghtly ionised complex. The increased volume of the 
coll is caused by the rapid passage of water from the serum into the cell 
owing to the increased osmotie pressure and the subsequent diminution 
in volume is due to the slow diflusion of the increased ion into the serum 
until equilibrium is attained. 

The total alkali and potassium of the ash of Wood and serum. 

Method for total alkali. It is a matter of considerable difficulty to 
obtain concordant residts for the alkali of the ash of scrum and blood. 
Apparently the salts of the alkalies arc, to some degree, volatile at high 
temperatures. In view of the importance of the matter we put forward 
our method in detail. 20 o.c. Of blood or serum were dried at 100“ C. and 
then decomposed as completely as possible in an oven at 300“ C. The 
carbonaceous residue was crushed as completely as possible ivith an 
agate pestle, and the platinum basin was then heated uniformly to very 
dull redness to decompose the residual organic matter. This operation 
was repeated and the ultimate residuewas again very finely powdered. 
A small quantity of water was now added to the basin and gently warmed, 
and the contents ivere washed as completely as possible into a flask. The 
residue in the basin was ignited to oxidise the residual carbon, and 20 c.c. 
of 0-1 N hydrocbloric acid added, the contents being again washed into 
the flask. In this way all the organic substances were decomposed, and 
all the inorganic matter was transferred to the flask ivithout loss by 
volatilisation. The contents of the flask were now heated to about 100“ C. 
in order that the salts in the interstices of any carbon particles might 
react with, or dissolve in the hydrocbloric acid solution. When cool the 
whole of the contents were transferred to a 250 c.c. measuring flask, 
made up to the required volume with water, and left to stand for a few 
minutes. It was then filtered and 200 c.c. of the filtrate titrated against 
O'l N sodium hydroxide, using 6-8 drops of phenol phthalein as 
indicator. 

The total alkali of the ash of blood and serum. The following results 
show the amounts of alkali present in the ash of (1) 100 c.c. of blood 
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and (2) 100 c.c. of serum from the blood. The figures express the power 
of .the ash to react with acids (such as hydrochloric acid) in terms of 
c.c. of normal alkali. The final result is the average of four different 
samples of blood. 

Alkali in terms o{ Jf JJaOH in 100 o.c, of: 



Blood 

Serum 

(1) 

3-7.5 o.c. 

3-78 e.c. 

{2J 

3-53 

3-47 „ 

(3) 

4-5 „ 

3-94 

(4) 

5-19 „ 

4-0 „ 

Average 

4*24 „ 

3-8 „ 


We may express the result by saying that the ash of blood contains 
alkali equal to 4*24 c.c, N NaOH and of this the serum contains 2*39 c,c, N 
NaOH, and the corpuscles 1*85 c.c. JV NaOH. The amount of alkali in 
the ash of 100 c.c. of serum (3*8,c.c. N NaOH) is less than that in 100 c.c. 
of corpuscles (4*9 c.c, N NaOH), although the actual quantity of alkali 
in the ash of serum obtained from a definite volume of blood is greater 
than in the ash of the corpuscles contained in the same volume of blood. 

17ie alkali of the ash of serum obtained’ from (a) normal blood, (b) COj 
free blood and (c) COj saturated blood. The ash of serum from blood con* 
taining varjnng quantities, of CO^ contains variable quantities of alkali. 
The following figures give the quantities of alkali in the ash of scrum 
obtained from four samples of blood, each sample of blood being divided 
into three parts and rendered (ll.COg free, (2) normal and (3) CO^ saturated 
before the separation of the serum from it. 

Alkali in terms of 2f NaOH contained in the ash of 100 o.c. of serum from: 

CO. free blood Normal blood COj saturated blood 

(1) \ :b0.1 c.c. N NnOH 4-37 c.c. N NaOH 5-97 o.c. N NaOH 

(21 \ .-MO „ 4-15 „ S-22 „ 

(.V \ .*M2 M 3-94 » 5-87 „ 

(4) \ 3-37 „ 4-0 „ 5-94 

Average \ 3-33 „ 4-125 „ 5-73 „ 

. When blwd passes from COg free to normal there is a 23 p.c, increase 
oh the alkaliVwhich may be obtained from the ash of the serum; and 
similarly fromNCOg free to COg saturated a 72 p.c. increase in the alkali 
of the ash of thA serum. 

The potassium of blood and serum. Sodium and potassium form the 
predominant alkasi ions of blood and serum. By determining the quan- 
tity of potassium Aresent under any condition a fair approximation to 
the sodium value mW be obtained by difference. 

The potassium estimations were made on the neutralised filtrates 
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obtained after determining the total alkali contained in the ash of gerum 
from any sample of blood. 

These neutralised filtrates were evaporated to dryness on a aater- 
bath. The residue was rcdissolved in water and filtered into a platinum 
dish containing 6-7 c.c. of perchloric acid solution. The remaining pro- 
cesses were those used in the ordinary estimations of potassium as 
perchlorate. The analyses show that potassium is present in small quan- 
tities only (0-llC p.c. ns KCl) in sheep’s blood and is approKiraateh' 


equally distributed between tbe scrum and 

poUiasium 
in blood 

corpuscles. 

% potassium 
m serum 

(1) 

•0579 

0595 

(2) 

•0653 

OCOl 

(3) 

•0650 

OGCO 

H) 

0042 

•0034 

Averflgo 

•0608 

•0022 


The approximate equality in the amount of potassium m blood and 
serum suggests that the red cell is freely permeable to the potassium ion. 
There is certainly no indication from the analyses that the potassium ion 
preponderates in the corpuscle and the sodium ion in the senim, ns is 
stated to occur in human blood by Wonneh. If the potassium in the 
ash of serum be considered to exist as alkali and be calculated in terms 
of normal alkali, it is found that of the total alkali in the ash of serum 
39 p.c. is due to potassium. 

The influence of carbon dioxide on the distribution of potassium belueen 
corpuscles and serum. This effect is very much less than that obserr’ed 
with the total alkali contained in the ash of serum. The figures under A. 
show that the ash of serum obtained from normal blood contains a little 
less potassium than the ash of serum obtained from the same blood 
saturated with CO^. The change is about 6 p.c.; in a corresponding 
experiment with the total alkali of the ash the change was 39 p.c. 

% potassium from 100 c c. of serum from blood : 



A. 

Saturated 


B. 

Freed 


Xorraal 

uith CO. 


Xorraal 

from CO. 

(11 

•0604 

•0637 * 1 

(I) 

083 

080 

(2) 

0634 

•0674 1 

(2) 

066 

064 

(3) 

0720 

•0766 

Average 

074 

072 

Average 

•0653 

0690 





Similarly, when blood is freed from carbon dioxide a little potassium 
enters the corpuscle (cf. B.). In this case the change was about 3 p.c.; 
in a corresponding experiment with the total alkali of the ash the change 



120 


J. UELLANBY AND O. G. WOOD. 


was 23 p.c. The small effect of COg on the distribution of potassium 
between the corpuscles and serum. of blood, compared with the great 
effect of this gas on the total alkali of the ash suggests that sodium and 
not potassium enters into a specific relation with the red cell in the 
processes concerned in the transport of CO 2 in the blood. Probably the 
potassium exists in the blood as an inorganic salt only. 

The chloride, phosphate and sulphate of blood and serum. 

It is generally assumed that the varying quantities of alkali in the ash 
of serum obtained from blood containing varying quantities of COg, are 
due to the transference of chloride from the red corpuscle to the serum, or 
vice versa, and not to any migration of the sodium or potassium ion. The 
pre^us figures, however, show that there is an actual change (that is, 
migration) of the potassium ion and suggest that there may be a similar 
definite change in the sochum ion. Moreover, calculations based on the 
total alkali of ash of serum under varying conditions and of the chief 
anions ( — Cl, — ^P 04 , — SO 4 ) under these conditions, show that there is 
a considerable transference of the sodium ion from the cell to the serum, 
or vice versa, when the 00^ of the blood is increased or diminished. 

Method of estimating chloride. 20 c.c. of 20 p.c. metaphosphoric acid 
were added to 20 c.c. of blood or serum diluted with water. The mixture 
was made up to 250 c.c., and filtered after allowing it to stand for J hour. 
5 c.c. of concentrated nitric acid and 25 c.c. of O-l N silver nitrate were 
added, to 150 c.c. of the filtrate, the volume being fiiade up to 250 c.c. 
and left overnight. 200 c.c. of the filtrate, to which 20 c.c. of ferric 
indicator had been added, were finally titrated against 0-05 N ammonium 
thiocyanate. 

Chloride in blood and serum. An analysis of blood and serum shows, 
not only that much more chloride is contained in the serum than the 
corpuscles, but that the percentage in the serum is much greater than in 
the corpuscle. It was found that 100 c.c. of blood contained '347 g- oi 
chlorine as chloride. Of this, the serum contained '247 g., and the cells 
•100 g. In terms of percentages, the serum contained *398 p.c,, and the 
corpuscles *267 p.c. of chlorine. The percentage of chlorine in whole blood, 
calculated as sodium chloride was low — only '57 p.c. — although the 
tonicity of the blood, measured by heemolysis in varying strengths of 
sodium chloride, did not differ from that of normal blood. It is of 
interest' to observe, however, that normal blood does not hsemolyse in 
diminishing strengths of sodium chloride solution until the percentage 
has fallen t^approsdroately -G p.c. 
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Chloride in the sera from (1) normal Hood, (2) CO^ free Hood, (3) COj 
saturated Hood. The transference of chloride from the serum to the 
corpuscles under the influence of CO- is a statement upon which all 
investigators are agreed. But this transference constitutes only a small 
portion of the total ionic interchange between the corpuscles and serum 
under the influence of CO 2 . The following figures give the percentages of 
chlorine as chloride in various sera obtained from two samples of blood. 


% chlorine in nemm from blooU: 

CO, tree 

(i) 

(S) 

Avemgo *304 „ 


•410 g. 
•372 „ 


Normal CO, saturated 
•404 g. -307 g. 

•307 „ -318 „ 

•38.7 -342 „ 


From these figures it is evident that rvhen CO, free blood is put into 
equilibrium with alveolar air the percentage of chlorine in the serum 
diminishes -009 p.c.; and similarly, when CO, free blood is saturated 
with CO 2 the amount of chlorine in the serum diminishes by •052 p.c. 
Expressed in terms of percentages of the total quantity of chlorine 
present in the serum of CO, free blood, the loss from the scrum to normal 
blood is 2^3 p.c.; and from the serum on passing to COj saturated blood 
is 13 p.c. It may bo observed that the variations are very much less 
than the variations met with in the alkali of the ash of sera obtained 
from corresponding tj'pcs of blood. 

The total phosphate in the sera from (1) normal blood, (2) CO^free Hood, 
(3) CO, saturated blood. It appeared reasonable to assume that the 
phosphate anion might share in the migration process from the serum to 
the corpuscle under the influence of COj in a manner similar to that 
observed with the chloride ion. A number of determinations were made 
by Neumann’s method of the total phosphate contained in the different 
sera. The results were obtained with three different samples of blood. 


Fhoaphnto in tenna of contained in 100 c.c. of aezrim from blood; 


COj free 

(1) -0259 g. 

(2) -0273 „ 

(3) -0309 „ 

Average *0280 ,, 


Normal CO, saturated 
•0248 g. -0242 g. 

•0274 „ -0281 „ 

•0310 „ -0308 „ 

•0277 „ -0277 „ 


It may be observed that there is a remarkable constancy in the quan- 
tity of total phosphate in the various sera in contrast to the chlorine 
results in similar experiments. The results indicate that the phosphate 
ion does not migrate when the quantity of COj in the blood is varied. 
The small variations which occur are probably due to variations in the 
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degree of haemolysis in the sera, since it is impossible to free blood from 
GO 2 , or to saturate blood wth CO 2 , without rupturing some red cells. 
This hypothesis is supported by the fact that there is much more total 
phosphate (Neumann’s method) in the corpuscles than in the serum 
of blood, as the following figures showr. P 2 O 5 in blood *0476 p.c.; in serum 
•0284 p.c,; in corpuscles -0755 p.c. 

The inorganic phosphate in hlood. The whole of the phosphorus, ■ 
whether present in organic combination or as an inorganic salt, is esti- 
mated as phosphate by Neumann’s method. The above phosphate 
figures, therefore, may not be analogous to the chloride figures. A 
method was consequently adopted to estimate the inorganic phosphate 
present in blood and serum. 

50 c.c. of blood or serum was diluted to 250 c,c. with 10 p.c. tri- 
chloracetic acid solution in a standard flask. The resultant mixture was 
filtered and 150 c.c. of the filtrate was treated with an excess of magnesium 
citrate mixture and ammonia. The precipitate thus obtained was too 
small for accurate manipulation, indicating that there is practically no 
inorganic phosphate in serum or blood. This deduction oflters a simple 
explanation why the phosphate ion does not migrate from the serum to 
the corpuscle in a manner analogous to that observed with the chloride 
radicle under the influence of CO 2 . 

The sulphate of blood and serum. The only other important inorganic 
acid radicle which might possibly play a part in the ionic migration under 
the influence of CO 2 is the sulphate ion. Although the migration of this 
ion from serum to corpuscle has been described by De Boer (4), the 
quantity of inorganic sulphate present in sheep’s blood or serum is too 
small for accurate estimation by the usual methods. If the whole of the 
sulphate present in serum migrated to the corpuscles under the influence 
of CO 2 , the total error caused by the omission of this factor would he 
negligible. 


The reversibility of the change in alkali and chloride in serum under 
the influence of carbon dioxide. 

The reversibihty of the migration of alkali and chloride from the 
serum to the corpuscles, or vice versa, under the influence of CO 2 was 
investigated. The following figures give the quantity of alkali in terms 
ohN NaOH contained in 100 c.c. of serum obtained from (1) blood freed 
from^ 02 , (2) blood saturated with CO 2 , (3) blood first saturated with 
CO 2 , a\ud then freed from it. Similar results were given by the chloride 
estimati«>ns from the same sera. 
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Alkali in torms of A’ XaOH contained in the ash of 100 c.c. of serum from: 

(l) 305c.c.; (2) 507cc.; (3) 3 37 c.c. 

Chlondc in 100 c.c- of scrum from: 

(lj-416g.: {2)-307g; (3) -409 g. 

It is clear from the above figures that the migrations of alkali and 
chloride from the serum to the cell, under the influence of CO-, are 
completely reversible. The result appears to dissociate the possible vital 
activity of the red cell from the processes involved in the transport of 
CO 2 , since saturation ivith COj has a vciy toxic effect on all living matter. 

The average quanlitics of carbon dioxide combined with blood and serum. 

Normal blood and serum. The following figures give the percentage 
amounts of combined CO 2 in a series of bloods and corresponding sera, 
when put into equilibrium with alveolar air. 

Porcentage of carbon dioxide ini 

Blood Serum 

(1) 50 2 42 0 

(2) 50 5 67'2 

(3) 52-7 47-2 

(4) 55 0 

(5) 68 0 46 0 

(0) C3 0 68 0 

Average 53-8 50 0 

The carbon dioxide capacities of sera obtained from (1) normal blood, 
(2) CO 2 free blood.and (3) CO 2 saturated blood, when put into equihbnum 
with alveolar air. In the previous pages the ionic interchanges which .take 
place between the corpuscle and the serum when the quantity of COj 
in blood is altered, have been detailed. The sera obtained from these 
different kinds of blood possess very different capacities for carrying CO 2 . 
This fact is illustrated in the following series of figures obtained from 
different samples of blood. All the sera were put into equilibrium w ith 
alveolar air before their CO- contents were determined. The figures give 
the combined CO 2 only. 

Percentage of combined CO< in alveolated aerum from blood : 



CO 2 free 

Normal 

CO 2 saturated 

(1) 

27-5 

65 

77 

(2) 

25 

40 

81 

(3) 

30 

68 

88 

(4) 

29 4 

48 3 

70 6 

Average 

29 6 

51 8 

84-1 
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Discussion of Resui-ts. 

Certain general conclusions may be drawn regarding the effects pro- 
duced by carbon dioxide on the blood from the average figures given in 
the previous pages. 

The inorganic k'ations and anions ol blood are mainly sodium, 
potassium, chloride, phosphate and sulphate. From the analyses it is 
clear that only the sodium and the chloride ions enter to any extent in 
the ionic interchange. Therefore, all the effects observed are worked out 
in terms of these ions and the correlations are made by using the two 
equations; 

(а) NaOH + CO 2 - NaHCOg 

(б) NaCl + CO 2 + HjO - NaHCOg + HCl 

according to which 1 c.c. N NaOH = 22-24 c.c. CO 2 — -0855 g. Cl. 


CO 3 capacity 
(alvcoiMcd) 

61-8%) 
29-5 1 n 

84-1 „ ) 1 

Variation 

InCOi 

capacity 

22-30/0 

1 54-6 „ 
r 48-5 „ 

Total 

nlKall of ash 
as NNaOlI 

4- 125 C.C. 

3-33 „ 

5- 76 „ 

equivalent 

ofNaOn 

92 c.e. 1 
75-3 „ / ; 1 
128-0 „ ! 1 

(5) 

Variation 
In COj cap, 
of aril 

lB-7 C.e. 
52-7 „ 

■ 43-7 „ 

78-0 „ 1 

1 

5-33 „ 

119-0 „ 1 



The alkali of ike ash of various sera compared with the corresponding 
capacities of the sera to carry carhon dioxide. 


100 c.c, (orum from 
Normal blood 
COj free blood 
GOj saturated blood 
COj saturated blood 
(cotT. for vol.) 

It is evident from these figures that the carbon dioxide equivalent ol 
. the ash (col. 4) is much greater than the carbon dioxide carrjdng power 
of the corresponding serum when put into eqmlibrium with alveolar air 
(col. 1). But the change in the carbon dioxide equivalent of the ash oi 
the different sera (col. 5) is approximately equal to the change in the 
carbon dioxide carrying powers of these sera (col. 2) when the quantity 
this gas in the blood from which they have been obtained is varied. 
T^s constant relation indicates that in the serum the carbon dioxide is 
carried as sodium bicarbonate. 


The difference between the carhon dioxide equivalent of the ash and die 
capacity of the corresponding serum to carry carhon dioxide. 


100 c.c.^eerum iwm 

Normal blood 

COj free blood .> 

COj saturated blood \ 

COj saturated blood (corr. for vol.) 


COj capacity COj equivalent 


(alveola^ed) 
51-8 c.c. 
29-5 „ 
84-1 „ 

78 0 „ 


of asb 
92-0 c.c. 
75-3 „ 
128-0 „ 
118-6 „ 


Difference 
40-2 c.c. 
45-8 „ 
43-9 » 
40-6 „ 
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It may be seen that the CO™ equivalent of the ash alvays exceeds the 
CO 2 capacity of the corresponding scrum, although these CO 2 capacities 
varj so u idely ns295pc and780pc Tins difference is represented by 
some organic sodium salt in the serum The quantity of sodium thus 
combined is considerable (approximately equal to that combined ivith 
CO; in the senim of normal blood) Possibly this sodium is combined 
inth the protein of the serum and constitutes a second reserve of alkali 
(m addition to that supplied by the red blood corpuscles) vhich may be 
draivn upon when the CO; of blood is increased in quantity This sug- 
gestion is supported by the fact that the excess of alkali m the ash (last 
column) progressively diminishes ns we pass from CO; free blood to 
normal blood, and from normal blood to CO; saturated blood Serum 
proteins, therefore, act not only as a source of alkali reserve but also as 
a means of preserving the neutrality of the blood 


The change in the chloride concentration compared with the change in 
the carbon dioxide capacity of the corresponding serum 


100C.C. serum from 

% of Cl 

Change in 
Cl cone. 

CO, equiv of 
Cl change 

CO, capacity 
of scrum 

Korma] blood 

3821 

012 g 

052 „ 

■ 070 „ 

7 5 c c 

32 5 

40 0 „ 

51 8cc { 

CO* free blood 


20 5 „ i I 

CO| saturated blood 

342 (I 

84 1 „ i 

CO| saturated blood 
(corr for volume) 

318 I 

78 0 „ 


Difference 

22 3 CO 
54 6 „ 
48 B „ 


It IS evident from these figures that the passage of chlondo from the 
serum to the corpuscles under the influence of carbon dioxide accounts 
for only one third of the increased capacity of the serum to carry this 
gas on passing from CO; free blood to normal blood On saturating 
blood vnth carbon dioxide a much greater quantity of chlorine enters 
the corpuscles Under these circumstances the change in the concentra 
tion of the chlonde ion accounts for the whole of the increased carbon 
dioxide capacity of the serum obtained from CO; saturated blood 

The effect of an altered distribution of alkali between the corpuscles and 
serum on the capacity of the blood to carry carbon dioxide The sera obtained 
from CO; free blood and CO; saturated blood possess widely different 
capacities to carry CO; u hen put into eqmhbnum with alveolar air This 
vanation in CO; capacity has been shown to be accompamed by simdar 
vanations in the alkali content of the corresponding sera and corpuscles 
Thus, in CO; free blood there is a large quantity of alkah in the ash of the 
corpuscles and a small quantity in the ash of the serum, whilst in CO; 
saturated blood there is a small amount of alkali in the ash of the cor 
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puscles and a large amount in the ash of the serum. It is of interest to 
observe that these large difierences are not associated with any change 
in the total carbon dioxide carrying powers of the two constituents of 
each type of blood. Thus, the following figures were obtained: 

100 c.c. of CO 2 free blood were separated into 62*4 c.c. of serum and 
37’6 c.c. of corpuscles. The serum put into equilibrium with alveolar air 
combined with 43 p.c. of CO 2 . Therefore, 624 c.c. of serum contained 
26-8 c.c. of CO 2 . The corpuscles suspended in -85 p.c. NaCl combined 
with 45 c.c. of CO 2 . Therefore, the total CO 2 held in combination by the 
corpuscles and serum of the original blood was 71'8,c.c. of CO 2 . 

100 c.c. of the same blood was saturated with COo and then separated 
into 58 c.c. of serum and 42 c.c. of corpuscles. The serum, put into 
equilibrium with alveolar air, combined with 86 p.c. of CO 2 . Therefore, 
58 c.c. of serum contained 50 c.c. of CO^. 

The corpuscles suspended in *85 p.c. NaCl combined with 21 c.c. of 
COg. Therefore, the total COg held in combination by the corpuscles and 
serum of the original blood was 71 p.c. of COg. 

The equality of these results shows that it is a matter of indifference 
whether the-available alkali is held in the serum or corpuscles as far as 
the capacity to carry COg is concerned when put into equilibrium with 
alveolar air. It may, therefore, be assumed that if the COg is present in 
the serum as sodium bicarbonate a similar fact holds true for the COg in 
the corpuscle. This deduction implies that the hsemoglobin of the red 
cell does not combine with carbon dioxide. 

Summary. 

(1) The increased volume of the corpuscles of blood with increased 
carbon dioxide content is a definite function of the time. This indicates 
that carbon dioxide increases the number of ions in the cell by the 
decomposition of some slightly ionised compound, and that the liberated 
ion slowly diffuses across the envelope of the red cell. 

(2) There is a 23 p.c. increase in the alkali of the ash of serum on 
passing from COg free blood to normal blood; and a 72 p.c. increase in 
the alkali of the ash of the serum on passing from CO 2 free blood to COg 
saturated blood. 

(3) Potassium is contained in small quantities only in sheep’s blood 
(•116 p.c. as KCl). Under the influence of carbon dioxide the transference 
of potassium to the cell or from the cell is small (about 6 p.c.). Probably) 
potassium exists in blood as an inorganic salt only, and does not enter 
into any specific relation with the contents of the red cell. 
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(4) The Bcrum loses 2-3 p.c. of its total chloride (expressed as chlorine) 
when blood passes from COj free to normal blood; and 13 p.c. of its total 
chloride on passing from COj ftee to COj saturated blood. 

(0) There is only a trace of inorganic phosphate in sheep’s blood. No 
appreciable change takes place in the phosphate content of serum under 
the influence of COj. 

(G) The quantity of inorganic sulphate in sheep’s serum is too small 
for accurate estimation by the ordinary methods. 

(7) There is a large difference between the alkali of the ash and the 
capacity of the corresponding serum to carry COj. This represents an 
organic sodium compound in the serum — possibly protein — and con- 
stitutes a source of reserve alkali when the quantity of carbon dioxide in 
the blood is increased. 

(8) The differenees in the alkali of the ash of different.sera prepared 
from the same blood is approximately equal to the differences in the 
carbon dioxide carrying powers of these sera. This constant relation 
indicates that carbon dio.xide is carried as sodium bicarbonate in the 
serum. 

(9) The change in the chloride concentration of the serum accounts 
for one-third of tlie change in the carbon dioxide carrying power of the 
serum on passing from COj free blood to normal blood. Hence, sodium 
must pass freely from the red cell to the serum when the tension of carbon 
dioxide to which the blood is subjected varies from 0 to 5 p.c. of an 
atmosphere. The whole of the change in the carbon dioxide carrying 
power is, however, accounted for by the change in the chloride concen- 
tration on passing from COj free blood to COj saturated blood, 

(10) The total quantity of carbon dioxide carried by the cells and 
serum of COj free blood is the same as that by the cells and serum of 
COj saturated blood, although the distribution of alkali between the 
cells and serum attains a maximum difference in these two kinds of 
blood. This shows that carbon dioxide is carried by the cells in the same 
way as in the serum — as sodium bicarbonate — and that the haemoglobin 
of the red cell does not combine with carbon dioxide. 

(11) The large efiects produced by carbon dioxide on the distribution 
of sodium and chlorine between the serum and corpuscles compared 
with the small effect produced by it on the distribution of potassium, 
indicates that sodium'and chlorine enter into a specific chemical relation 
with some constituent of the red cell, which is not shared by the other 
ions of the blood. 
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PITUITARY SECRETION. By W. E. DIXON. 
{From the Pharmacological Laboratory, Cambridge.) 


Tins communication deals with tho conditions which cause secretion of 
the pituitary gland to meet the needs of the animal economy. Cushing 
and Qoet8ch(i) examined tho ccrcbro-spinal fluid of patients for tho 
presence of “pituitrin”: they used the physiological method and claimed 
to obtain effects corresponding with those produced by tho posterior lobe 
of the pituitary. Carlson and Martin( 2 ) failed to obtain a pressor effect 
by injecting the cerebro-spinal fluid of normal dogs into other animals; 
Cow confirmed Cushing, and Hcrring(3) found no evidence of pituitrin 
in the cerebro-spinal fluid of thyroid-fed or thyroideotomised cats, 

In the present experiments dogs only were used; they were aniesthet- 
ised first with ether and then by injections of morphine and urethane. 
Tracheotomy was performed. The blood-pressure was taken from tho 
right femoral artery and all injections were made into the right femoral 
vein. The cerebro-spinal fluid was collected from the sub-cerebellar 
cistema by the method used by Dixon and Halliburton(4) and samples 
were collected for analysis at fixed intervals generally of fifteen minutes. 
It was essential in some experiments to obtain all the cerebro-spinal 
fluid available immediately after an injection, and in these instances a 
slight negative pressure was used. 

Normal cerebro-spinal fluid. Samples of normal cerebro-spinal fluid 
of the dog show every known chemical and physiological action of 
pituitrin. The active substance is insoluble in absolute alcohol and in 
ether but is soluble in water. It is destroyed by digestion \vith trypsin 
but not with pepsin. It contracts the uterus and blood vessels, raises 
blood-pressure, increases the urinary flow and under suitable conditions 
causes a secretion of milk. 

The amount of pituitrin in normal cerebro-spinal fluid varies greatly, 
andit is necessary to adopt some standard for comparison. After several 
trials I used the pituitrin of Parke Davis & Co., in sealed ampoules 
different samples of which vary only slightly in activity. It was found 
that ten drops of normal cerebro-spinal fluid contain from 1 to 10 mgms 
of this “pituitrin.” 

The quickest and most convenient method for determining the 
PH. tvn. 9 
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quantity of pituitrin in cerebro-spinal fluid is by comparing the action 
of the fluid on the isolated.uterus of the virgin guinea-pig -with that of 
the standard pituitrin. One horn is attached to a suitably weighted lever 
and immersed in a bath of Einger’s fluid (Locke’s modification) at 39° C. 
The bath contained 80 c.c. of fluid which could be readily replaced by 
fresh Einger in 5 or 6 seconds. Each uterus requires to be standardised 
first by determining the minimal amount of standard pituitrin which 
will evoke a maximal contraction. This is essential since a sensitive uterus 
may enter into maximal contraction when the amount of pituitrin in the 
bath does not exceed 1 in 100,000, whilst occasionally a uterus is found 
which requires 1 in 5000 to produce a like effect. Cerebro-spinal fluid 
may be added in drops to the bath directly, since it is practically a 
Einger’s solution, and thus a comparative effect is easily obtained. 
After each dose of either pituitrin or cerebro-spinal fluid the Einger must 
be changed and a sufficient time given, generally about 10 minutes, for 
complete relaxation. In this way a number of samples can be tested on 
the same horn. Occasionally I have seen as little as 10 drops of normal 
cerebro-spinal fluid produce a decided contraction of the uterus but the 
usual amount required to elicit an effect is 3 or 4 c.c., and occasionally 
even larger amounts are inactive. This is not remarkable since it is 
reasonable to suppose that pituitrin is secreted in variable amounts to 
meet the needs of the body. 

Experimental. The present communication is characterised by the 
very large number of negative experimenus. No form of nerve stimula- 
tion, sensory nerves, vagus and sympathetic in the neck, caused any 
change in the secretion of the pituitary. The inhalation of oxygen and 
carbon dioxide is likewise without effect. Certain drugs were injected 
intravenously or given by inhalation but all with negative results. Thus 
alcohol and chloroform were given by inhalation because they increase 
the flow of cerebro-spinal fluid; urea and caffeine because of their diuretic 
or cerebral stimulant action; histamine, 20 mgms., because of its marked 
action on the uterus; adrenalin, and p teUuronium dichloride because 
the latter specifically excites the suprarenal glands ; several alkaloids and 
glucose were inactive. One typical experiment will explain the procedure. 

Peotocol 1. Dog, male, 20 kilos cerebro-spinal fluid collected as follows: 

A. Normal fluid. 

At H.oO, 3 c.c. 1 % TeCCHjljClj given. 

B. Huid collected from 11.50 to 11.55 

C. „ „ „ 12.20 12.30 

D. „ „ „ 12.50 „ 12.60 

E. „ „ ,, 2 ,, 2.10 
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These SAmplea \rere thea tested on the uterus. 

6 drops pituitrin (I in 100) =maxiraum contraction. 

6 m m ( »» \ ” 

50 ccrobro-spinal fluid A=:ml. 

70 „ M .. B« 

50 t, «• »» 0 — tt 

70 »» ft 

80 „ .. „ K= „ 

2 t, pituitrin (1 in 100) =:inaxima1 contraction. 

200 ft corebrO'Spinai fluid AanU. 

I drop pituitrin ssmaximal contraction. 

(The normal cerobro-spinal fluid in this dog oontamod hardly any pituitrin.) 


■ Each of the other drugs mentioned wore tried on at least two occasions 
and gave negative results. 

Preparations of the posterior lobe of the pituitary injected into tho 
general circulation cause pituitrin to appear immediately in tho cerebro- 
spinal fluid. It is present in excess in about a minute after tho injection 
and the cetobro-spinal fluid is again free from such excess in five minutes. 
This effect can be repeated an indefinite number of times. 


1?rotocol 2. Dog, male. Cerebro-eplual fluid collected as follows: 

1. Normal. 

2. Immediately after intravenous injection of choroid extract, 

3. 20 minutes .. »» m m m 

4. CO M M M M 

6. Immediately „ m m m 2 c.c. pituitrin. 

0. '20 minutes »» m - m m 

The cerebrO'Spinal fluid was tested for pituitary on the uterus. 

No efloct produced by samplee 1, 2, 3, 4 and G in 30'drop doses. 
3 drops of 5 s slight contraction. 

6 „ „ 5smaximal ,, 

(This corresponded with pituitrin in cerebro-spinal fluid, 1 in 100.) 


Certain crystalline drugs arc secreted into tho cerebro-spinal fluid but 
always in such minute amoxmts that they are difficult to detect oven by 
the most delicate chemical reagents: traces of salicylates and urotropine 
are so excreted. Halliburton and I showed that the current flows in 
the opposite direction, foreign crystalloids injected into the cerebro- 
spinal fluid pass into the general circulation with ease and great rapidity. 
The facts do not suggest that the presence of pituitrin in tho cerebro- 
spinal fluid under tho conditions named, is through the circulation. 
First because tho amount of pituitrin is so large: if an injection of 10 c.o. 
1 in 4 pituitrin is made into a vein, tho concentration of pituitrin in the 
cerebro-spinal fluid reaches a strength of from 1 in 100 to 1 in 500. 
Moreover other uterine stimulants such as histanune, which has a rela- 
tively small molecule, when injected in 20 or 30 mgm. doses is not 
excreted by the cerebro-spinal fluid in amounts detectable by the 
physiological method. For these reasons I conclude that the secretion of 

9—2 




liver picks up bile salts, tbe process in each case causing secretion — or 
conceivably pituitrin acts as a pure stimulant to the gland. 

The view that pituitrin might reach the cerebro-spinal fluid by the 
circulation was made improbable by three, experiments, one on a dog 
and two on cate in which the pituitary gland was destroyed by the cautery 
from the ventral surface. Pituitrin was injected into the circulation 
before and after destruction and it was found that injections after 
destruction did not alter the amount of pituitrin in the cerebro-spinal 
fluid. The following protocol is typical. 

Protocoi, 3. Dog, male, 16 kilos. Normal cerebro-spinal fluid (A). 2 c.c. pitnitiin in 
10 c.c. Ringer’s solution injected and the fluid collected during the next ten minutes (B). 
The spinal cannula was then removed and the pituitary destroyed by the cautery. (This 
was confirmed in the post-mortem examination.) After an interval of haU-an-hoilr the 
spinal caimula was reinserted and a sample of cerebro-spinal fluid collected (G). A second 
injection of pituitrin identical with the first was given and the fluid collected in the next 
ten minute (D). 

The blood-pressure of the dog remained high throughout the experiment. 

. A, C and D had no action on the uterus in 20-drop doses though in 30-drop doses each 
caused a similar though sub-maximal contraction. B caused maximal contraction m 
15-drop doses. 

Pituitrin therefore stimulates the pituitary gland just as bile salts 
stimulate the hver. This experiment shows that the cerebro-spinal fluid 
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after extirpation of the pitiiitary still contains some pituitrin, and I have 
no explanation to offer of this phenomenon. What purpose the pituitrin 
serves in the cerebro-spinal fluid is not clear, but any excess rapidly 
disappears. Halliburton and 1(5) showed that when it is introduced 
into the cerebro-spinal fluid it rapidly reaches the circulation and exerts 
its ordinary specific effects on plain muscle throughout the body. A 
balance appears to bo struck between the amount in the blood and in the 
cerebro-spinal fluid. An excess in the blood is absorbed by the gland 
and some of it reaches the cerebro-spinal fluid: an excess in the cerebro- 
spinal fluid is excreted rapidly into the blood. 

Animal extracts. Extracts of different tissues were prepared by 
pounding the fresh organ with sand adding about double the weight of 
saline, boiling and filtering. The extracts were injected slowly into the 
femoral vein and the ccrcbro-spinftl fluid examined at inter\'als for excess 
of pituitrin. The following extracts gave negative results: liver, brain, 
choroid extract of brain, testis, epididymis, anterior lobe of pituitary, 
thyroid and pancreas. One protocol of these experiments is given which 
exemplifies all. 


Pbotocol 4. Bog, male. Orcbro-spinal Ould collected as follows. 

1. Normal cerebro-splnat fluid. 

2. Immediately after injection 2 c.o. pituitrin. 

3. 15 minutes „ » 2 „ „ 

4. 15-45 „ „ „ liver extract of rabbit. 

6, 46-GO „ „ * „ M M 

6. 1, 2 hours „ ,, ,, „ „ „ 

7. Immediately after a further injection 2 c.o. pituitrin. 

Numbers 2 and 7 caused maximal contraction of tho uterus in 15-drop doses. The 
others were inactive in 20-drop doses. 

Ovarian extract is the 'only animal extract apart from pituitary so 
far examined which produces an immediate secretion of the pituitary 
gland. The earlier experiments were made from fresh tissue. After such 
an injection pituitrin appears in the cerebro-spinal fluid in a minute or 
two and the action is over in ten minutes. The fluid takes a little time to 
fill and drop from the cannula which may appear to increase tho latent 
period*, to avoid this as far as possible a little gentle suction was used. 


Protocol 6. Dog, female. One ovary removed between ligatures and a saline extract 
made. Orebro-spinal fluid collected as follows. 


A. Normal fluid. 

B. Cerebro-spinal fluid collected 

C. ,» „ „ 

D. 

►» »» »» 

F. 


during asphyxia. . 

30 minutes after. 

up to 5 minutes after ovarian extract. 

f. 16 „ 

immediately after 
up to 5 minutes 


pilocarpine. 

2 c.c. pituitrin. 
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All the samples were inactive except D and H, which caused maximal contraction in 
10-drop doses. This effect corresponds with a normal cerebro-spinal fluid, 1 c.c. of which 
contains 1 drop of pituitrin. 

In a further series of experiments the sterile extracts of Parke Davis 
■were used. These were of three kinds. (1) The whole ovary. (2) The 
ovary from which the corpus luteum had keen removed. (3) Corpus 
luteum. The corpus luteum was •\vithout any action on the pituitary 
secretion but the other two extracts iffimediately excited the pituitary 
to secrete : the secretion of pituitrin commenced about 20 seconds after 
injection. and was present in excess for a minute or two when the cerebro- 
spinal fluid became normal. The effect was repeated on the same animal 
several times. The record of one experiment is shown in Kg. 3, The 
increase of tone with pituitrin is abrupt; ■with the cerebro-spinal fluid it 
is more gradual. Perhaps the secretion in the cerebro-spinal fluid is not 
quite in the same form as that of “pituitrin.” Iscovesco(6), Aschner (7), 
Hermann (8) and others have sho^wn that extracts of corpus luteum 
induce hyperasmia and hyperplasia of the muscle and mucous membrane 
of the uterus. Observations have also been recorded suggesting that 
pituitary extracts exert a like action, but more extended observations 
have disproved this ■view. 

The facts seem clear that ovarian conditions determine the secretion 
of the pituitary and thus react indirectly on the uterine tonus. Pituitrin 
is very largely employed in medicine to contract the uterus: its employ- 
ment would seem to be so far rational that it is the drug manufactured 
by the body for this specific purpose. 

The effect of alimentary esdracts. Cow (9) working in this laboratory 
on diuresis believed that water taken by the mouth’ was a better dimetic 
than water injected subcutaneously, because in its passage through the 
alimentary canal it absorbed some substance which excited the pituitary. 
The secretion of the pituitary is influenced by injecting boiled and 
filtered extracts of mucous membrane but the effect is of a different 
na^ture from that caused by ovarian injections. With ovarian extract the 
latent period is in seconds and the effect is rapidly over. With the 
intestinal mucous membrane the effect is delayed and the augmented 
secretion may not be noted for an hour; the percentage increase of 
pituitrin in the cerebro-spinal fluid is not so great as after ovarian extract ’ 
but it remains in the fluid longer. I repeated Cow’s observations on 
seven animals and obtained a positive result in five though one of these 
was not very decided. After such a long latent period the flow of fluid 
may be small and find a more ready absorption by the vessels than by 
outflow through the cannula and this may accotmt for the failures. 
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Tho effect IS not protein sliock since practically no protein is present 
in the injeetions Nor does the long latent period suggest that it is a 



Iig 3 Record of isolated utcni^ Fig 4 For dctfiils see Protocol C 
At 9 24 drops normal ccrcbro ipinal fluid nddeil 

At 10 10 drops eorebro spinal fluiil Un minutes nftcr injection of ovnnan extract 
Without corpus luteum 

At 11 10 drops ccrcbro spinal fluid 1 minute after injection of ovinan extract without 
corpus luteum 


direct effect on the pituitarj To test this point I injected the extract 
into the central end of the carotid artery in two further experiments, 
and these gave completely negative results vithin the next hour How 
ever this effect is produced we only know the beginning and end points 
The following protocol is typical 


PbotocOi, 6 Dog, male Duodenum removed between ligatures and the mucous mem 
orane extracted in saline, boded and filtered. Ccrcbro spinal fluid collected as follows 
7 


10 drops normal ccrcbro spina! fluid 

10 
10 
5 
10 
10 





„ 15 minutes after injection 




o 35 




„ 00-120, „ Diges 




„ 60-120,, 




„ 60-120 , „ 




„ 60-120 „ „ „ 


®C 18 hours 


37* C 18 
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1 drop of tiypsin to 25 drops cerebro-spinal fluid incubated for 18 hours at 37° C. 
Controls without tiypsin. 

2 and 3 produced maximal contraction of the uteras. No other sample produced any 
effect. 

The experiments appear to me conclusive that some constituent of 
the intestinal mucous membrane so afiects metabolism that about one 
hour or more after its liberation, the pituitary is induced to secrete. 

If the pituitary is a remnant of a gland once secreting into the ali- 
mentary canal, as Gaskell believed, it is perhaps not extraordinary that 
its secretion should be associated in some way with the functions of the 
alimentary canal. The prolonged latent period which injections of 
mucous membrane require before the pituitary secretes makes it certain 
that the pituitary takes no active part in the immediate processes of 
digestion. I was therefore led to investigate its action on absorption. 
Definite quantities of tap water were placed in 6-in. loops of intestine 
chosen from various parts of the alimentary canal in anaesthetised cats 
and dogs. Every care was taken to ensure an efficient circulation. The 
normal slow absorption which occurs was entirely uninfluenced by in- 
jections of pituitary. The experiments were repeated with the same 
results on surviving intestines. 

During these observations another phenomenon was observed. 
Pituitary extract exerts a very decided effect in increasing the tone of 
the small intestine without effect on peristalsis. This effect is, of course, 
well recognised and the modern treatment of post-operative atony of 
the gut is by pituitary injections. This action is peculiar to the small 
intestine. The large intestine behaves differently; the first effect of in- 
jection is to increase the tone for from 10 to 20 seconds; this is followed 
by a marked relaxation of tone at a time when the effect is maximal in 
the small intestine. This effect is shown graphically in Eig. 6, which is a 
record of two experiments on two cats. A loop of six inches of intestine 
was tied at one end and fitted with a cannula at the other. This cannula 
communicated with a Mariotte’s bottle and the records in the lower curve 
represent bubbles of air replaced from the upper part of the bottle as 
more fluid passes into the intestine. The water or saline was at a pressure 
of 10 cms. The upper tracing is from the small intestine, the normal rate 
of absorption can be gauged from the fact that seven bubbles correspond 
with 1 c.c. The effect of injection of pituitary is to diminish the number 
of bubbles, that is to increase the tone since the rate of absorption 
remains constant. The lower tracing (B) is from the large intestine; the 
first effect is to increase the tone to such an extent that the water rises 
in ^he tube. The effect is followed in a little over a minute by profoimd 
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relaxation, an eHect which I hove never observed in the small intestine. 
This phenomenon may ho the result of the direct action of the pituitary 
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Pig. l). Uccord of blood-prewuro in two cata, tho mijcllo enn-e in each expcridlenl is 
described in text, A in the case of the small intestine and B the largo intestine. 

on muscle. Such a highly specific effect seems inherently improbable 
but it cannot be dismissed off-hand since we know that on isolated and 
surviving arteries the effect of pituitrin may be different according to 
the situation of the excised portion. On the other hand it may be a 
reflex phenomenon, that conditions which throw the small intestine into 
tone may relax the large intestine: this is teleologically understandable. 

The cardiac sphincter is relaxed as food moves towards it in the 
oesophagus: the duodenum is inhibited during peristalsis of the pyloric 
end of the stomachfW) and Cannon(U) states that “as food is nearing 
the ileo-cohe valve the large intestine is usually quiet and relaxed.” The 
passage of food through the ileo-colic valve causes relaxation of the 
colon which occurs in the absence of nervous connections with the spinal 
cord(i2). The pituitary reaction is I think different from these: the 
intestine is isolated and the tube for recording was always inserted at 
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least an inch from the ileo-colic sphincter. The result is receiving further 
consideration. 

The pituitary exerts another function on digestive processes. By 
some means it regulates the amount of sugar in the blood: it depresses 
hyperglycsemia whether produced by anaesthetics or adrenaline, and the 
evidence points to the fact that it bears some relation to glycogenesis in 
the liver. It has been suggested that one cause of the diabetic condition 
may be pituitary insuflo-ciency. This is, also, a property of the posterior 
lobe and I have mentioned that extracts of the anterior lobe, anaesthetics, 
adrenahne, and excess of sugar in the blood do not influence the secretion 
of pituitrin. 

Conclusions. 

1. The pituitary gland secretes into the cerebro-spinal fluid. 

2. Pituitary extract injected into the circulation causes the gland to 
secrete. Pituitary* extract injected into the cerebro-spinal fluid rapidly 
causes the ordinary systemic efiects by passing into the general circula- 
tion. A balance is struck between the amount in the blood and cerebro- 
spinal fluid. 

3. Ovarian extract specifically excites the gland to secrete. The effect 
is immediate and lasts only two or three minutes. The active substance 
is not in the corpus luteum. 

4. Duodenal extract causes a secretion after one hour, but neither 
so much nor so constant as that caused by ovarian extract, the effect 
however is more prolonged. Some suggestions as to its significance are 
offered. 

5. Pituitary extract increases tone in the small intestine, and 
diminishes tone in the large intestine. 
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VARIATIONS IN THE CO, CONTENT OF THE BLOOD 
CONSTITUENTS IN RELATION TO MEALS’. 

By E. C. DODDS and J. McINTOSH. 


(From the Bland-SuCton Institute of Pathology.) 

It has been shown (i) that a meal causes first a rise, and then a fall of 
alveolar COj tension. And reasons have been given (2,3) for consider- 
ing that the rise is due to the secretion of acid by the gastric glands, 
and the fall to the secretion of alkali (bicarbonate) by the pancreatic 
and intestinal glands. 

In the present investigation the CO, content of the whole blood, of 
the plasma and of the corpuscles in their relation to the alveolar CO, 
have been determined. 

Methods. 

Owing to the extreme difficulty of obtaining volunteers who will 
suffer themselves to be bled more than twice during an investigation, 
specimens of blood were collected before a meal, at the height of the 
gastric secretion, or at the height of p,ancrcntic secretion. The subjects, 
again all healthy men whose gastric response had previously been 
investigated by a continuous test-meal, were rested in the laboratory 
for half an hour before the experiments were begun. Their alveolar 
CO, tension level was determined at this stage by the Haldane- 
Priestley method (4). When constant, blood was collected from the 
median basilic vein under aseptic precautions, using a syringe and 
needle sterilised in paraffin at 130° C., no tomiquet, of course, was used; 
amounts var3dng from V to 10 c.c. were taken, and were expelled into a 
centrifugal tube, the sides of which had been dusted vvith a finely 
powdered neutral potassium oxalate. The tube was filled with blood, 
and the point of the needlo was left in the tube, and on forcing in the 
rubber stopper all air was expelled through the needle, which was then 
removed. Two tubes of blood were collected at each vein puncture. 
One of the tubes was at once centrifuged, whilst the other blood was 
examined as detailed below. The above technique was practised, and, 
with trained assistants, the blood was undergoing the appropriate 
^ A Beport to the Medical Besearch CTouncU. 
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COj OF BLOOD. 

It can bo seen that the COa content of the blood rises and falls 
pari passu with the tension of the alveolar CO,. 

Plasma. The plasma from the centrifugalised blood was examined 
before and after meals for its COa capacity. In the Table a very strik- 
ing series of results are seen. The CO, content of the plasma appears 
to remain practically constant throughout the digestive changes. 

Corpuscles. After the plasma had been pipetted off the blood, the 
nozzle of a clean pipette was plunged into the tightly packed corpuscles, 
and a known quantity was taken up and examined for CO, content. 
The results were checked by calculation, taking into consideration the 
CO, content of the whole blood, plasma, and the hffimatoorit reading. 
The calculated and experimental values were found to agree so closely 
that only the experimental values were recorded. No attempt was 
made to wash the corpuscles, as any interference or undue manipulation 
would have upset the CO, content. In the Table it is seen that all the 
blood CO, changes occur in the corpuscles, and that the plasma takes 
practically no part in them Whatsoever. The CO, content of the cor- 
puscles varies directly Avith the alveolar CO, tension, being high at the 
height of gastric secretion, and low at the height of pancreatic secretion, 
as determined by the maximum elevation or depression of the alveolar 
.CO, tension. Further evidence on the absence of change in the plasma 
was obtained by investigating the alkali reserve by Van Slyko’sts) 
method, and by M'Clondon’stT) method. In the former the amount of 
NaHCO, present is calculated from the volume of CO, obtained by 
adding acid to a definite volume of plasma, and then evacuating it. In 
the latter method a definite volume of iV/50 acid is added to plasma, 
the mixture is evacuated, and its hydrogen-ion concentration is 
measured by means of the hydrogen electrode. To one part of the 
plasma, an equal volume of distilled water was added whilst to a second 
an equal volume of JV/50 HCl was added. These results, together with 
the Van Slyke readings, are found in the Table. It can be seen that 
the changes before and after meals are negligible. 

SaMMABV. 

1. The CO, content of the whole blood rises during gastric secretion 
and the concomitant elevation of alveolar CO, tension. 

2. The CO, content of the whole blood falls during the period of 
depression of the alveolar CO, tension which has been associated by 
previous experiments, Avith the pancreatic secretion. 
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3. The plasma shows practically no change during the period of 
gastro-intestinal secretion, either as regards COj content or alkali 
reserve. 

'4. All changes in COj content following meals occur in the cor- 
puscles. 

The expense of this research to one of the investigators (E. 0. D.) was borne by the 
Medical Kesearoh Council. 
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THE EFFECT OF LACTATION ON OVULATION. 
Br MARGARET BOSS- JOHNSON and EVELYN E. HE^VER. 


(From the Physiological Laboratory, London School 
of Medicine for Women.) 

The effect of lactation on the cyclic changes in the ovary of the rat and 
of the guinea-pig was investigated by Loob and KuramitsuH) in the 
course of a study of the involution of the uterus in these animals. They 
came to the conclusion that in the rat ovulation is suspended during 
lactation, while in the guinea-pig it continues' to take place. They state 
that ovulation in the rat occurs on an average every four or five days : 
This result is in agreement with that of Long and Evansp), who, 
however, point out that the length of the oestrous cycle is very variable, 
being often as long as 10 or 12 days. Ovulation, they agree, is suspended 
during pregnancy; it occurs spontaneously ns a rule within the first 
24 hours following labour, and is then suspended during the period of 
lactation. If lactation is greatly prolonged, i.e. beyond the 21 days 
after which the young can be weaned, ovulation may occur spontanoously 
before the end of nursing. 

On this basis there could bo no second litter in the interval between 
the time taken for gestation -)- 1 day (24 days), and this time -b the 
period of lactation, i.e. until 45 days after the birth of the first litter. 
In some previous experimentsCU) on the effect of thymus feeding, it 
was found that the second litter were born at various intervals after the 
first, and not in two sets corresponding one to the end of the first gesta- 
tion, and the other to the end of the lactating period. In other words, 
the experiments gave no indication that ovulation ceased during lacta- 
tion. 

It was desirable in the first place to repeat the experiments in rats 
fed in the normal way. This we have done, and we have obtained similar 
results. The follorving table gives examples : 


Hat 

let litter 

2nd litter 

Interval of days 

1 

May 2G 

(10) 

Juno 20 

(9) 

34 

2 

April 21 

(9) 

May 22 

(8) 

31 

3 

Aug. 22 

(10) 

Sept 24 - 

(9) 

31 

4 

Fob. 11 

(7) 

March 12 

(7) 

20 

5 

Aug. 26 

(9) 

Sept 25 

(10) 

28 

G 

Oct 3 

(9) 

Oct 30 

(8) 

27 

2 

May 22 

(8) 

June 17 

(9) 

20 

3 

July 30 

(3) 

Aug. 22 

(10) 

23 
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Similar cases have been recorded by Miss H. King(3], in the case 
of rats, and by J. F. Daniell(4) and W. B. Eirkham(5, 6), in the case 
of mice. These results can hardly be explained by variation in the 
period of gestation. In the very great majority of cases the duration of 
gestation varies by two or three days only. In a former experiment (U) one 
of us foimd the usual gestation period to be 23 days; Long and Evans 
in a recent investigation ( 12 ) found it to be 21^ to 22 days. Greater varia- 
tions do occasionally occur, but they are too infrequent to account for 
the results mentioned above. 

Eirlcham(5, 6) explains the results as due to delayed implantation 
in the case of naice that are sucHing young, the full activity of the 
mammary gland being the chief cause of delay. This explanation seems 
to us forced, in view of the fact that ovulation during lactation is re- 
cognised as occurring in other animals. 

The experimental method adopted was to examine the ovaries to- 
wards the end of lactation to note the age of the corpora lutea. Long 
and Eva ns (7) inferred the absence of ovulation during lactation from 
results obtained by staining luteal cells with vital dyes. They found 
that if certain vital dyes were injected into the abdominal cavity just 
before parturition, the luteal cells already formed showed particles 
stained with the dye, and that if injected at any time during lactation 
one additional set of corpora lutea with cells stained by tbe dye were 
present, these being tbe corpora lutea resulting from the ovulation 
occurring within 24 hours of parturition. We were unable to obtain 
tbe dye used by Long and Evans: since, however, it is stated by 
Goldmann(6j, by Evans and Schulemann(9), and by Monroe 
SutterpO), that other vital dyes, such as trypan blue, are stored in the 
luteal cells, we carried out some injection experiments using trypan 
blue, trypan red, and Congo blue. The method of fixation in formalin, 
cutting frozen sections in gum, and counterstaining, was essentially that 
recommended by Goldmann in bis original paper. Sections of the 
ovary gave good staining of various wandering cells in the connective - 
tissue of the corpus luteum and in the ovarian stroma, and of cells of 
folhcles undergoing granular degeneration, but never in the luteal cells 
themselves; in other organs, the storage of dye occurred as anticipated 
from the results of Goldmann and others. It is possible that the luteal 
cells take up the stain only'at a certain stage of growth or degeneration. 
In a recent paper by Long and Evans{i2) (which only came to our 
notice when writing our results), it is stated, however, that trypan blue 
stains luteal cells very faintly, and that in hardened specimens the 
prese^w^ion was unsatisfactory. 
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This method having proved inapplicable, the ovaries were examined 
with the object of ascertaining from the appearance and arrangement 
of the luteal cells the approximate age of the corpora lutca present. In 
all cases the mother was allowed to suckle her young, and was killed 
three weeks after the birth of the litter. The appearance of the ovaries 
was very constant, and in all young corpora lutca wore found, but not 
in great numbers; this was probably associated with the lateness of the 
season. Some old corpora lutca wore found, more or less well preserved, 
some vacuolar; these probably originated from the ovTilation directly 
following labour. Some very young ones could bo seen in which the 
cavities were as yet incompletely organised, and a certain amount of 
remnants of degenerated corpora lutca, the luteal cells having become 
broken down, and forming irregular clumps in the stroma of the ovary; 
these were the remains of the corpora of gestation. The follicles were 
comparatively few in number, and of varying size, some quite large, 
some well preserved, some in granulosa degeneration. 

From the presence of young corpora lutca in these ovaries, it is 
concluded that ovulation does occur during lactation in the albino rat. 

Longand EvanstiS) have made use also of the method of the vaginal 
smear: they state that ovulation changes this, and that during lactation 
there is no such change. From this again they conclude that ovulation 
is suspended during lactation. Wo have not ourselves made trial of this 
method of investigation. 
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ON THE NATURE OF HISTAMINE ACTION. 
ByR. J. S. McDOWALL. 


{From the Department of Physiology, University of Leeds,) 

The object of the experiments with %ybich this investigation deals is to 
study in some detail the cause of the fall in systemic blood-pressure, 
which occurs when a small close (‘01 mg.) of histamine is injected intra- 
venousl3^ 

In 1918, Dale and Richards{i) showed most conclusively that the 
action of histamine is on the capillaries, and later Dale and Laidlaw 
showed that the condition of histamine shock was due to increased 
capacity of the vascular system and lessened output of the heart. The 
early part of the fall in systemic blood-pressure produced by large doses 
of histamine they considered to be accelerated by pulmonary constriction 
which greatly diminished the flow of blood to the left side -of the heart. 
With regard to the fall of blood-pressure which follows small doses, 
Dale and Richards (l, p. 163) state that “it is not a volume effect due 
simply to increased capacity of the system, but to a diminished peripheral 
resistance." This conclusion they based on a careful and elaborate series 
of perfusion experiments in which they found that there was a diminished 
peripheral resistance if histamine was added to the perfusion fluid 
(Ringer-Locke solution containing blood corpuscles and a trace of 
adrenalin). This evidence was supported by the result found by Dale 
and Laidlaw( 2 ) that histamine produced larger excursions of the lever 
in cardiometer tracings ; this was interpreted as indicating an increased 
output of the heart. From these experiments therefore it was assumed 
that more blood-pressure reached the heart during the action of hista- 
mine, a result which would be expected if the peripheral resistance was 
' diminished. 

The immediate impulse which led to the commencement of the 
present investigation came from finding that the venous pressure did 
not always rise as would be expected if there was a diminution of 
peripheral resistance and if more blood passed through to the veins. 
Moreover, when it rose, neither its onset nor its magnitude bore any 
constant relation to the systemic change, as might mth reason be 
expected if they were due to the same cause. 



HISTAMINE ACTION. 


147 


Method. All experiments were made on cats amcstlietisod in the 
first instance with ether; when deeper aniesthesia was required a 
chloroform-ether mixture, or chloroform alone, was used. Venous pres- 
sure was recorded by a method described elsowhero(3). 

The question of dose was first considered. If under light anaisthesia 
a small dose such ns ‘01 mg. was given, there was a rise of venous pres- 
sure ; as the dose was increased the riso became less and when the shock 
dose was approached there was usually a fall in venous pressure. These 
results appeared to support the conclusions of Dale and Richords 
and the results of ConnetH) who obtained a fall of venous pressure 
with relatively large doses (‘5 mg.). But in view of the fact that Dale 
had called attention to the action of nna!Sthetic in making carnivora 
sensitive to the histamine, the depth of ancesthesia was varied. It was 
found that the venous response was markedly altered. Under light 
nnmsthesin with a dose of '01 mg. there was a rise of venous pressure as 
stated above, but under deep and prolonged anojsthesia there was a 
venous fall, although the S3'8tcmic fall was about the same in both 
instances (Fig. 1). An explanation for this venous alteration was sought 
for. It might be said that the general sensitivity had increased and 
that the small dose was now having the effect of a largo dose. This may 
readily be dismissed as the fall in arterial pressure does not necessarily 
change in magnitude although the venous response alters completely. 
An alteration in venous response without modification of the arterial 
suggests in itself that they are due to different causes. 

It might also be said that deep and prolonged aiimsthesia weakened 
the heart and that the histamine would then stimulate it, causing it to 
empty itself more effectively and so lower the venous pressure. While 
such ana)sthesia is liable to cause high venous pressure through cardiac 
weakening, the same fall of venous pressuro occurred in some eases 
when the venous pressure was not abnormally high (Fig. 2). Even if 
histamine stimulates the isolated heart, it does not follow that it stimu- 
lates the heart in the bodj'. Dale and Laidlaw in their earlier paper 
came to the conclusion th.at the he.art was weakened, and the occurrence 
of obvious cardiac failure on the injection of a small dose of histamine 
in an animal whose heart is already weak shows that the total effect of 
the histamine in the heart is to reduce rather than to improve cardiac 
efficiency. Further, when the pulmonary circulation is impaired or 
paralysed there is no evidence that the heart is benefited by histamine. 
Such benefit would show itself by a rise in pulmonary pressure, but at 
the stage just mentioned lessened efficiency of the heart may be evidenced 
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by irregularity of the heart’s action and a fall in the pulmonary pressure 
(Fig. 2r>}. It is therefore concluded that cardiac effects following the 



Fig. 1. Cat 3, 1 kg. c.e. mixture. Effect of vatying anffistlaesia on the change of venous 
blood-pressure caused by injecting -01 mg. histamine. The upper tracing is the venous 
pressure in mm. HjO; the lower tracing is the carotid pressure in mm.Hg. Natural 
respiration. Time in minutes. At each arrow '01 mg. of histamine was injected. 

A. Ordinary sufficient anajsthesia. Bise of venous pressure, 

J5. Later, ancesthesia throughout, comeal reflex still present, only slight rise of venous 
pressure. The primary venous fall is due to an inspiratory gasp seen in respiration 
tmclng, 

C. Ancestbesia increased. "Venous pressure large fall. 

Z>. Anesthesia lessened. Venous pressure fall decreased. 

E. A few minutes later, rise of venous pressure. 

injection of histamine are insufficient ‘to explain the change in the 
venous pressure response under deep anssthefeia. 

The most satisfactory explanation appears to he that the rise of 
venous pressure which occurs under light antesthesia is one due to 
backward pressure or obstruction in the pulmonary circulation, and 
that the anaesthetic removes the pulmonary obstruction. Histamine as 
firs\ shown by Dale and LaidlawfZ; using the method of Bradford 
and Dean{5), constricts the pulmonary vessels to a marked degree 
(oj}. Fig. 2a). They have shown in relation to large doses that the 
shkrp initial fall in systemic arterial pressure is due to this cause, and 
it "(vili be seen below that even with small doses this factor may make 
itself'-, ^anifest. When it is remembered that the right ventricle is 
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already impaired by the lowered and falling aortic and coronary pres- 
sures, it is not difficult to imagine that it is no longer able to empty 
itself against the increased resistance in the pulmonaiy vessels. 

Now it has been shown by Brodic and Dixon that the action of 
the vagus on the bronchial muscles may be greatly reduced or may 
be obliterated by deep ana'sthesia. I have found that the action of 
adrenaline on the bronchioles may be similnrl}’ reduced and have brought 
forward evidencetS) that the action of amyl nitrite on the pulmonary 
vessels may be prevented by deep chloroform anesthesia. This is 
presumed to be due to the local action of the anesthetic on the lungs 
themselves. "When the efl'ecls of nna'sthetics on living tissue generally 
are considered it is indeed difficult to see how the lung tissues can escape 
serious impairment when exposed to anesthetic vapour for prolonged 
periods. 

As has been said above, the rise of venous pressure following a small 
dose of histamine disappears under deep and prolonged anesthesia, and 
I have suggested that the rise is due to backward pressure from the 
lungs. Demonstration that the pulmonary constriction is reduced or 
abolished by such anesthesia would be strong circumstantial evidence 
in favour of the suggestion. Experiments were therefore made to test 
this point. Pulmonary pressure was recorded by the method of Sharpey 
SchaforlS) and it was found that on varying the depth of .anesthesia 
a series of changes parallel to those in the venous pressure could be 
obtained when histamine was injected. At 6rst under light anesthesia 
there was the typical rise in pulmonary pressure (Fig. 2 a), but .as the 
anaathetio was deepened there was a delay in the pulmonaiy rise 
(this point was first noted by my colleague Mr Winfield who witnessed 
the experiment) and later it lessened (Fig. 2i)) and then it disappeared 
entirely (Fig. 2 c). If the experiment be prolonged there may be an 
actual fall of pulmonary pressure (Fig. 2 d) which may be considered to 
be due partly to cardiac weakness and partly to less blood reaching the 
right side of the heart. 

The results just given lead me to consider that the fall of systemic 
blood-pressure caused by a small dose of histamine in an animal under 
light anesthesia is due mainly, if not entirely, to pulmonary constriction 
causing decreased output of the left ventricle and not to decreased 
capillary resistance. Thus the histamine effect does not indicate that 
variation in capillary resistance plays an important part in the circu- 
lation as Dale and Richards suggest it does. Any increased flow into 
the veins is probably annulled by increased capillary capacity. The 



Fig. 2, Cat. c.E. mixture. Effect of varying nnoesthesia on the blood-pressure in the 
pulmonary artery. Upper tracing, pulmonary blood-pressure in mm. H 2 O. Lower 
tracing, carotid pressure in mm. Hg. At each arrow -01 mg. of histamine injected. The 
anoisthetic was increased A to D. 

A, rise of pulmonary artery blood-pressure. The rise is often much more marked. 
B, a slight rise; C, no rise; D, a fall. 

necessarily applicable to the normal circulation. It is true the evidence 
is deficient on two points. (1) That the rise of venous pressure never 
occurs unless there is pulmonary constriction and (2) that the pulmonary 
constriction is always sufficient to prevent the heart emptying itself 
normally. Owing to other factors which arise these points do not seem 
to be capable of absolute experimental proof. 

The increased pulmonary resistance caused by histamine accounts 
for some of the other effects which it produces or may produce. 

(a) It was noted by Bayliss in some unpublished experiments 
privately communicated to me that the venous rise caused by a small 
dose of histamine sometimes did not occur until the systemic blood- 
pr^sure was beginning to return to its normal level. This delay can, I 
findVbe brought about by the ansesthetic and it is the natural result of 
the decreasing excitability of the pulmonary tissue to histamine. 
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(h) Dale and Laidlaw noted that on the injection of n large dose 
of histamine, tho systemic fall frequently took place in two stiigcs. The 
first stage tlicy considered was due to pulmonary constriction cutting 
off tho blood from the loft side of the heart, tho second to increased 
capacity of tho system. In one experiment I obtained a similar fall m 
two stages on injecting a small dose of histamine (Fig. 3). If the first 
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Fig. 3. Fall of gystemic blood pressure caused by a ’01 mg. blst-iminc. {This was the only 
case under light ancestbcsia obscrxnl In which '01 mg. cnusotl a fall of \cnou9 pressure.) 
Two stages seen. 


stage in one case is due to pulmonary constriction, it may be ossumed 
to bo so in the other. In this experiment there was n fall in venous 
pressure (Fig. 3) so that in this experiment the effect of the pulmonary 
constriction was more than counterbalanced by the increased capacity 
of the capillaries just as ordinarily occurs on injecting a large dose of 
histamine. 

(c) I have also found that in shock when the capillaries are already 
dilated, there is still a rise in venous pressure. Such a rise could not he 
due to more blood passing through to the veins ns there was evidence 
of increased peripheral resistance, indicated by a rise of the systemic 
pressure from arteriole constriction. Investigation of the pulmonary 
circulation at this stage showed that the pulmon.ary rise could still be 
obtained, although the usual systemic arterial fall did not occur. It is 
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assumed then that the venous rise was due to the pulmonary constric- 
tion. 

SUMMABT. 

The parallelism between the disappearance under deep ansesthesia 
of the rise of pressure in the pulmonary arteiy and the rise of venous 
pressure which occurs as the result of the injection of a small dose of 
histamine suggests that they are both due to the same cause, namely, 
pulmonary constriction which is affected by the anesthetic. Other 
results are given which support this view. 

If the angesthetic is increased so as to abolish the pulmonary effect, 
there is a fall of venous pressure although the systemic arterial fall may 
not have altered, nor the heart have been weakened. 

The results indicate that the fall of arterial pressure which occurs 
on the injection of a small dose of histamine is the result of diminished 
output of the heart, due partly to pulmonary constriction, and partly to 
less blood reaching the heart as a result of increased capacity of the 
capillaries, and not, as Dale and Eichards hold, to decreased capillary 
resistance. 
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OBSERVATIONS ON THE RESPIRATORY CENTRES 
IN THE CAT. By THOMAS LUMSDEN, M.D. (Aberd.). 

{From the Department of Pathology, Lister Institute.) 

In the course of investigations on the working of the respiratory mechan- 
ism in cats, dogs, rabbits and monkeys, I have made observations on the 
effect on respiration of section of tlic brain stem at different levels. In 
this paper I give an account of the effect of such section in the cat. The 
observations of earlier observers have been made chiefly on the rabbit, 
and it uill be seen that the results in the cat differ in some important 
points from those obtained by others in the rabbit. 

Method. The cats were ansesthetised with ether, and a cannula placed 
in the right carotid for taking the blood pressure. The vagi were separated 
from surrounding tissues, and a thread jilaced under them, ready either 
to bo out or frozen. The parietal bone was trephined just in front of the 
occipital ridge, the left carotid being clamped during the operation, and 
if there was free bleeding, the vertebral arteries were compressed. A thin 
but rather blunt chisel was inserted just bcliind the tentorium, and pushed 
rapidly but gently downwards to the base of the skull, so that the brain 
stem was severed but the basilar artery remained intact; thus internal 



Fig 1. Diagram of bram stem showing lore! of crucial sections. 
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are then taken. Following these there is again a prolonged inspiration, 
and so on. The cycle repeats itself %vith great regularity for, it may be, 
two or three hours, but the duration of the inspirations gradually lessens. 



Fig. 3 Respiratory and blood-pressure tracings in a cat. Cut i was through the 
raid-brain; Cut 2 at sect. 1, Fig. 1; Cut 3 at sect. 2, Pig. 1. Tnsp. upwards. 
Abscissa 12 mm. below time tracing {5 secs.). 

The blood-pressure tracing, taken simultaneously (Fig, 3), shows that 
during prolonged inspiration the arterial pressure first rises, and later 
sinks to a low level. It rises again rapidly during the short period of 
relatively quick respirations. The latter, then, are probably caused by 
the venous state of the blood, and the oxygenation they produce re- 
establishes the prolonged respiratory tonus, as if by reviving the central 
mechanism upon which it depends. The state is closely similar to that 
described by Marckwald and others in the rabbit, as following section 
below the posterior corpora quadrigemina when the vagi and fifth nerves 
are also cut. Trevan and Boock(6), iif their recent account of experi- 
ments in the cat, describe the respiration as becoming very much deeper 
and slower on section of the vagi after severance of the brain stem just 
behind the posterior corpora quadrigemina, and cutting off about a third 
of the pons. My section 2 (Fig. 1) does not exactly correspond with this 
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cut, but from my experiments 1 ahoiild expect the section ns figured by 
Trovan and Boock to cause the prolonged inspirations without section 
of the vagi. 

Seelion through the level of the strife acoustica; bctw-een lines 3 and i 
(Fig. 1) causes a prolonged incoordinate inspiratory spasm or convulsion 
of the diaphragm, and thereafter gasping respiration alone is seen, or, 
gasping interspersed with a few incoordinate inspiratory spasms. A 
similar result usually follows intracranial attempts to cut the seventh 
and eighth nerves, hut this docs not happen when these nerves are 
destroyed from the external auditory meatus, and the effect is due to 
htemorrhages into the pons at this level dragging on the nerves. 

Section immediately beloie the strife acoiisticfe (sect. 4, Fig. 1). Sever- 
ance here also produces characteristic results, and they follow immedi- 
ately on the section. Rhythmic respirations continue, hut both inspira- 
tion and expiration arc more sudden in beginning and ending. They arc 
a series of brief gasps, such as those which occur between the prolonged 
inspirations after section at the upper port of the pons. The change is 
produced whether the vagi are intact, or frozen, or cut, so that it appears 
to be independent of the vagal impulses, though, of course, these are to 
some extent cut off by the section itself. 

Section bcltcccn lines 5 and 0 causes the cessation of all respiratory 
movements and death. 

The respiratory tracing of animals dying from asphyxia, anaisthetics, 
or experimental interference, very frequently shoa-s, one after the other, 
each of the types of respiration described above (Fig. 4 h). From being 
regular, the breathing first becomes slow; then a series of prolonged 
inspirations and gasps appear and finally life is maintained for a short 
time by- gasping alone. Conversely, when an animal w-hich has been so 
nearly- dead as to cease breathing, is revived by means of artificial respira- 
tion, the respiration returns in the reverse order, a preliminary period of 
gasping is followed by a series of prolonged inspirations which gradually 
shorten until they become indistinguishable from slow natural breathing, 
and soon the normal respiratory rhythm is resumed (Fig. 4 a). 

Remaris. 

It is clear from the previous account that if the descriptions of the 
effect of brain sections on the respiration in the rabbit are accepted, the 
central nervous mechanism of respiration has important differences in 
the cat and rabbit. In the cat, the prolonged inspiratory type of breathing 
is produced by a section which passes dorsally immediately behind the 
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STUDIES IN MUSCLE ACTIVITY. I. The static effort. 
By E. P. CATHCART, E. M. BEDALE and G. McCALLUM. 


{Institute of Physiology, Glasgow University.) 

The type of activity to wliicli tlic term static work is applied enters in 
some degree or other into all forms of muscular effort, and on account 
of the peculiarly severe strain it imposes on the organism it ments more 
attention than it has hitherto been accorded. One of us (E. P. C.) has 
stated elsewhere that, in his opinion, it is the static component of the 
muscular effort which determines qua the organism ns a whole whether 
work is severe or no. The static type of effort may be regarded as the 
isometric contraction in operation where cither the load is of such mag- 
nitude that it is beyond the power of the individual to perform external 
work, e.g. the unsuccessful attempt to move a very heavy weight, or else 
the weight, being within the indiwdual’s compass, is kept suspended by 
voluntary muscular effort. In the ordinary non-selected type of work, 
in the industrial sense, it is usual to find the static effort combined with 
ordinary positive and negative effort. Although the question of the 
isometric contraction has been fully investigated in a series of researches 
by A. V. Hill for the isolated muscle, but little attention has been 
devoted to the problem from a metabolic standpoint on the human 
subject. Those who have dealt wth this form of activity are practically 
unanimous, and with this we are in full agreement, that the static type 
of effort is the one which most readily and rapidly induces fatigue. 

Chauveau and Tissot (1896-7) may be considered to be the first 
workers ■who seriously dealt with the problem. They used the maintenance 
of loads of varying weight by the flexed forearm as the type of static 
effort. Although their experimental data are somewhat scanty and the 
agreement between different experiments is not very satisfactory, they 
reach the very definite conclusion that when the load is constant the 
metabolism (COj output and Oj intake) is practically proportional to the 
degree of shortening of the contracting musculature, i.e. to the degree 
of flexion of the arm, and when the load varies, but with constant degree 
of contraction, the metabolism is proportional to the load supported. 
J ohansson (1901) also dealt briefly rvith this type of effort in the course 
PH. Lvn. 
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of his enquiries into the metabolism of muscle activity with his special 
type of ergometer. He held that the CO. output was proportional to 
the load. Later, mth Koraen (1902) he carried out another series of 
experiments in which he varied the angle of the contraction of the arms 
and found that the CO 2 output increases with the shortening of the 
muscles. This work was confirmed and slightly extended by Hammar- 
sten (1912). Bornstein and Pohet (1903), in a careful piece of work, 
emphasise the point that static efiort, as compared with dynamic effort, 
exercises but httle influence on metabolism. They suggest that this is 
due to the rapid onset of fatigue which prevents much “work” being 
done. Their static effort consisted in supporting a weight with the out- 
stretched arm whilst in the lying position. They came to the general 
conclusion that the metabolism during the static effort neither increases 
proportionally to the weight supported nor to the duration of the effort, 
but in each instance more rapidly. Hellsten (1907) and v. Gerten 
(1913) investigated the problem simply from a training (practice) point 
of view. Frumerie (1913) determined the output of CO 2 in static effort 
with special reference to the onset of fatigue. He used both the apparatus 
and methods of Johansson and found that up to 60 seconds at least, 
the COj output was directly proportional to the duration of the con- 
traction. He noted that although the subjective sensations have no 
relation to the amoimt of CO 2 given off, there would seem to be a direct 
relation between the feeling of fatigue and the duration of contraction, 
also provided no new sets of muscles were brought into play in the 
attempt to give relief to the active muscles, the sensation of fatigue does 
not influence the CO 2 output. 

The first real effort to investigate the problem as a whole, however, 
is found in a paper by Lindbard (1920). The special type of static effort 
which he utilised was the suspension of the subject’s body by hanging 
by the hands from a horizontal bar. There are at least two drawbacks . 
to this method, (a) the position cannot be maintained for more than a 
brief period, about a minute, and (6) there is a more or less well-marked 
fixation of the chest. Lindhard earned out inter alia observations on 
the respiratory exchange before, during and after the performance and 
found that the maximum output of COg and intake of Og took place after 
the cessation of the effort. Although the respiratory frequency reached 
its maximum during the effort the alveolar ventilation was greatest in 
the after period. Lindhard also found that the utilisation of O 2 from the 
blpoff^'as less during the effort than at rest, and that a sharp rise in 
utilisaGln. occurred immediately on the cessation of the effort, a rise 
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wliich was followed by a fall to subnormal value within two or three 
minutes. He came to the conclusion that these results were due to the 
fact that static effort, so far as the muscles arc concerned, is a typo of 
anaerobic activity. In a later series of observations (1920) he investigated 
six other tj'pes of gymnastic exercise, in which the statio.effort predomi- 
nated, and obtained very similar results. It will be noted that in those 
e.xcrcises in which there is least fixation of the chest the post work rise 
in Oj intake was least marked. Working in conjunction with Stevenson, 
one of us (E. P. C.) (1921) found when a weight was maintained in 
position either mainly by the flexor or the extensor group of muscles 
that, although the cost of performance was greater than that for negative 
work, it fell short of the cx{)enditurc necessitated by positive work when 
the load was the same in each type of effort. 

In the present series of observations we carried out two types of 
experiment, (1) in which a load was maintained by the outstretched arms, 
either forward or backward, whilst the subject lay with the rest of the 
body as relaxed as possible oh a couch, and (2) in which a positive effort 
was gradually changed into a definite static effort by varying the fre- 
quency and duration of contraction of one set of arm muscles against 
a powerful spring in unit time. The authors of the paper acted as subjects 
in most of the experiments. The method of'gas analysis employed was 
the usual Douglas-Haldane method; all the analyses were done in 
duplicate. 

Continuous static effort. 

In this series of experiments the subject kept suspended by means 
of a rope over a pulley a 15 kilo, weight by the constant pnU of the slightly 
contracted outstretched arms. 

Two sets of experiments were carried out; in both the subject lay in 
the supine position, but in one the feet pointed towards the weight and 
with the arms forward (Eig. 1, Position 1), in the other the feet pointed 




X. 



Fig. 1. Positions whilst doing work. 


11—2 
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Table I. Lying. Static effort continuous. Arms forward. Load: 15 kilo. 


Ventilation COj Oj 

litres per minute c.c. per minute o.c. per minute E.Q. 


Sample 

i 

ii 

iii 

iv 

i 

ii 

iii 

iv 

i 

ii 

iii 

iv 

i 

ii 

iii 

iv 

Standard 

5-55 

3*96 

5-10 

5-18 

178 

116 

184 

173 

225 

153 

222 

211 

•76 

•76 

•83 

•82 

Work 1 

6*74 

5*75 

602 

5-71 

214 

176 

211 

180 

261 

235 

252 

237 

•82 

•75 

•84 

•76 

2 

6*88 

6-17 

6-18 

6-32 

207 

191 

206 

198 

249 

228 

251 

238 

•83 

•83 

•82 

■83 

3 

— 

— 

603 

C-39 

— 

— 

196 

209 

— 

— 

236 

246 

— 

— 

•83 

•85 

4 

— 

— 

6-17 

6-32 

— 

— 

202 

210 

— 

— 

215 

269 

— 



•94 

•78 

5 

— 

— 

6-84 

6-13 

— 

— 

214 

218 


— 

310 

280 

— 

— 

•69 

•78 

6 

— 

— 

5-43 

6-79 

— 

— 

174 

234 

. — 

— 

229 

262 

— 

— 

•76 

•89 

7 

— 

— 

11-90 

5-57 

— 

— 

296 

174 

— 

— 

243 

248 

— 

— 

1-22 

•70 

8 

— 

— 

— 

7-84 

— 

— 

— 

242 

— 

— 

— 

214 

— 

— 

— M3 

9 

— 

— 


4-87 

__ 

— 

— 

147 

— 

— 

— 

199 

— 

— 

— -78 

Post work 1 

7-14 

5*56 

3-70 

5-00 

201 

172 

118 

158 

221 

197 

219 

207 

•91 

•87 

•54 

•76 

2 

6-99 

5*07 

4-89 

5-14 

159 

153 

169 

154 

209 

203 

219 

211 

•76 

•75 

•77 

•73 

3 

5-17 

5-70 

5-49 

— 

134 

173 

181 

— 

189 

234 

232 

— 

•72 

•74 

•78 — 


Exps. 1 and 2 by subject B. ; 3 and 4 by subject M. Work samples were taken at about 10 minnt 
intervals. First post work sample taken immediately on cessation of work, second, about five minute 
later and third about 15 minutes later. Muscle tremor was a marked feature in all experiments. 


Table II. Lying. Static effort continuous. Arms backward. 
Load: i = 15 kg. ii=20 kg. iii=25 kg. All experiments on subject B. 


Standard 

5-16 

3-90 7 6-02 

170 

123 

179 

223 

141 

232 

•76 

•87 

•77 

Work 1 

6-15 

6-78 

8-24 

201 

193 

235 

272 

257 

287 

•74 

•75 

•82 

2 

6-45 

9-34 

9-91 

206 

274 

293 

264 

304 

322 

•78 

•90 

•91 

3 

5-94 

— 

— 

186 

— 

— 

245 

— 

— 

•76 

— 

— 

4 

5-85 

— 

— 

189 

— 

— 

239 



— 

-79 

— 

— 

5 

6-40 

— 

— 

197 

— 

— 

237 

— 

— 

•83 

— : 

— 

6 

7-18 

— 

— 

238 

— 

— 

261 

— 

— 

•91 

— 

— 

Post work 1 

502 

5-43 

617 

161 

143 

157 

189 

193 

206 

•85 

•74 

'76 

2 

5-32 

5-35 

5-82 

168 

172 

169 

200 

230 

225 

•83 

•75- 

•75 

3 

— 

501 

6-03 

— 

170 

186 


218 

229 

— 

•78 

'81 


Work samples were collected at about 10 minute intervals. As the subject was very exhausted at 
the end of pull, the collection of the post work first sample was a few minutes after the cessation of work 
in Exps. 1 and 2, immediately on cessation in Exp. 3. Other post work samples were collected at about 
10 im'nute intervals. 


away; and the weight was suspended by extending the arms backwards 
at anWgle of about 30° to the body (Fig. 1, Position 2). The arms were 
never allowed merely to become passive members in these positions. T? he 
weight used could be maintained for a long period without unduly 
straining vthe subject, although in the end it was found that in order to 
keep the weight steady other sets of muscles were gradually brought into 
play until in the end the total musculature of the body seemed to be 
involved in t'he puU. The strain indeed became so intense that in two 
experiments tne end was reached by the subject practically collapsing. 
The strain carme on sooner and lasted longest when the subject kept the 
weight suspendm by lying with the arms extended backwards. 
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The effect of the effort on the respirator}' exchange is found in Tables I 
and II. In neither the arm forward nor the arm backn-ard position is 
there any evidence of an increased oxygen consumption during the post 
effort period, indeed, in six out of the seven c.xperiments, the post effort 
intake is actually slightly lower than the lying metabobsm intake deter- 
mined immediately prior to the commencement of the effort and in the 
seventh the basal metabolism is abnormally low. Even in the first after- 
period of Exp. 3 of Table I, which from the r.q. might suggest at least 
a relative increase in 0, intake, the low quotient is apparently due to the 
abnormal retention of carbon dioxide. 

As regards the arm forward experiments (Table I) it will be noted 
that the ventilation, in the two short experiments on subject B., is, in 
both instances, greater in the post effort periods than in the basal, 
although in one it is less and in the other greater during the period of 
suspension. In the other experiments on subject JI. the ventilation during 
the first and second post effort periods is lower than in the basal whereas 
during the periods of effort there is a definite increase in the ventilation 
rate, very marked in the last period of Exp. 3 and in the last but one of 
E,xp. 4. Possibly the low ventilation recorded in the last period of Exp. 4 
was due to impending collapse, although the subject stated that in this 
period all feelings of impending collapse had passed off. 

A consideration of the COj output and the O 2 intake and the ratio 
which exists hetu-eon them hi Exps. 1 and 2 shows that the effort causes 
a slight rise in n.q. duo to a relatively greater increase in the 00^ output, 
and this is followed in both of the after-periods, carried out immediately 
on the cessation of the effort, by a very marked increase in the ratio 
due again to the relatively greater CO 2 output. In Exps. 3 and 4 definite 
irregular changes occur in the ratio, the maximum being reached with 
R.Q.*s much above unity in the two periods of maximum ventilation. 
The subjective sensation of strain, accompanied by more or less convulsive 
breathing, seems to be associated with these periods of high quotients. 
These convulsive periods were very intermittent, their disappearance co- 
incided rvith a'drop both in the ventilation and the respiratory quotient. 

In Table II, with the arm backward position, all three experiments 
were carried out with subject B. but with different weights. Although 
the ventilation during the effort period of all of them was definitely 
increased, with the two heavier loads very definitely, the Oj intake is not 
increased to the same extent as the COj output. These outputs are to a 
certain degree, comparing the first two periods of Exp. 1 with the two 
periods in Exps. 2 and 3, influenced by the load. The increase of load 
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the greatest rise in systolic pressure is 20 mm. Hg, whereas the diastolic 
is 37 mm., and in the one minute alternation the increase in both pressures 
is equal at 15 mm. 


Gradually increasing static effort. 

In the final series of experiments a definitely positive type of work- 
which, by mere alteration in timing, became more and more static was 
utilised. They were carried out by causing the subject to pull on a powerful 
spring. The muscles involved were mainly the flexors of the forearm 
although the shoulder muscles also took part in the movement. The 
spring was pulled through such a distance that each pull was (calculated 
according to Hooke’s law) equal to 1*25 Idlogrammetres of work. The 
operation was carried out as follows: the subject sat down in a comfortable 
position facing a table on which lay the spring attached to a fixed upright 
and pro\'ided with a suitable grip. At the end of 30 minutes of rest the 
basal (or standard) metabolism was determined. The cost of -the arm 
movement alone was next determined when the arm was made to move 
at the set rate for the particular experiment (to the beat of a metronome) 
and through the proper distance but without touching the spring. Then 
the work period started when the spring was gripped, pulled out to the 
appropriate distancei liberated, and the arm moved forward, at a rate 
identical to that taken during the period of puU, to grip the handle of the 
spring again, and repeat the operation. Thus, if the rate of work deter- 
mined on was, e.g. four pulls a minute, the metronome was set to beat 
at the required rate and the operation carried out. The time then taken 
for each complete movement was therefore 15 secs, and of this period 
7-5 secs, were occupied in extending the spring and 7-5 secs, in moving 
the empty hand forward again to grip the handle. It follows then that 
in any one minute period of work only half a minute was employed in 
actual pulling, hence in the most rapid rate of 32 pulls per minute 40 kgm. 
were done in the half minute and in the slowest rate of one pull per minute 
only 1-25 kgm. were done in the same time. In all of the experiments the 
timing was rigidly adhered to and every effort was made to keep the 
progress of the pull and the return of the arm steady throughout. More 
rapid rates than 32 per minute were tried but the results, largely owing 
to interference with respiration, were not satisfactory. 

Immediately after the collection of the third sample of the work 
period (the figures given in Table V are the average of the three periods) 
was completed, a collection of the first post work expired air was carried 
out. A second collection was made about five minutes later. 
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definitely influenced in the rapid scries but the acceleration during the 
slow movements is not marked. 

As regards the sense of fatigue there can be no hesitation in stating 
that, in common with most other observers, we found the degree and 
duration of the fatigue induced by the static effort to bo out of all pro- 
portion, cither to the amount of work done or to the duration of the 
experiment. Frumerie (1913) holds, as already mentioned, that there 
is a direct relation between the sensation of fatigue and the duration of 
the contraction, so long as the load remains constant. He also beheves 
that the sensation of fatigue is due to mechanical pressure on the nerve 
endings in muscle. Lindhard has suggested that the static fatigue is 
due to actual fatigue of the muscle substance. Two facts in particular 
would tend to show that m this static fatigue we are dealing with another 
phenomenon to the fatigue induced by prolonged positive work, viz 

(1) the fatigue induced is definitely associated with pain, and (2) tremor 
of the muscles employed comes on very rapidly, a tremor w hieh may last 
for many minutes np to, at least, a couple of hours after the static effort 
has ceased. The duration of the after effect dcjiends, of course, largely 
on the duration and the severity of the static effort. In the continuous 
experiments (Tables I and HI) tremor was a very conspicuous feature. 

Summary. 

(1) Three types o( static effort were iiiv’cstigated, (n) continuous, 
(fi) intermittent, (c) gradually' increased. 

(2) In these types there is no evidence to support the %uew' that there 
is a reduced intake of oxygen during the effort. 

(3) There is also no marked increase in the oxy’gcn intake after the 
cessation of the effort. 

(4) There is but little alteration of the respiratory quotient 

(5) There is, as a general rule, a definite rise in the pulse and respira- 
tion rates and in the blood-pressure during the effort. 

(6) The increase in diastolic is more marked than the increase in 
systohe pressure. 

(7) In an effort which is gradually changed from being defimtely 
positive to being definitely static there comes a rate of performance 
when the cost per kgm. rises and continues to rise as the effort becomes 
more static. The rise in cost is associated with a marked decline m the 
mechanical efficiency with which the effort is made. 

(8) Fatigue is a very pronounced feature of static effort. 

The greater p.irt of the expense incurred m connection with this investigation was 
defrayed by the Medical Research Council, to whom our thanks are due. 
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is slightly concave. It should project a very tiny spot of light upon the 
vertical slit not more than 1 mm. in diameter. The mirror moves upon 



a horizontal axis and is placed in connection mth the artery by a 
method shortly to be described. The sensitised paper is .set in position 
by an electromotor (D) which is hung from the ceiling, and is connected 
with a grooved wheel by an elastic band. In the axis of this wheel is a 
w'ormwheel which sets in motion within the instrument a vertical rod 
between which and another rod the sensitised paper is pulled along. 
The electromotor being first started, the Avhole is set in motion by a 
friction-clutch {E), and the speed at which the paper travels can be 
regulated not only by shifting the elastic band to other positions in the 
vertical wheel, but by a change-gear within the instrument, After a 
tracing is taken the paper may be cut by a vertical knife {F), and the 
rest of the instrument detached and removed to the dark room. Two 
very small electric lamps ai-e each of them covered by meial, except for 
a hole through which a spot of light is projected into the lower part of 
the vertical slit. One of them is connected by wires {H) with a Brodie’s 
time marker, and gives a spot of light upon the paper every two 
seconds or less, and the other is arranged in connection with an induc- 
tion-coil, and gives a horizontal line which corresponds with the time in 
which a nerve may be stimulated. 

The mirror (Fig. 2 b, M) is fixed to the centre of a light metal 
plate, which rotates upon a horizontal axis; it is fixed so that its 
anterior surface is in a line with this axis. At either end of the plate 
in this axis' is a- little cup of metal in w'hich fit the tiny screws (F). 
The mirror can then swing quite freely. Behind the mirror is a groove 
of metal in which slides a tiny slip of metal {G) which is bent below 
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and forward nearly to a right angle (i)) and rests upon the arteiy (^1). 
The pressure of this upon the arter}’ is only a few milligrammes, but in 



order that this weight should be more distributed, another piece of 
tnetal, about a quarter of an inch long, is fastened across it at right 
angles. This is curved so as to fit upon the artery. Before applying 
this to the artery it is smeared with thick vaseline in .order to prevent 
it from being thrown upwards after each systole of the heart. By 
means of the groove behind the mirror it is possible to regulate the 
movements of the mirror and to make them greater or smaller. 

In the case of the abdominal aorta of a cat (anmsthotios, A.C.E. and 
phenaldehyde) it is not necessary to remove the vessel from its attach- 

12 
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ments; the plate in connection "with the mirror may be placed directly 
upon it; this is the easiest way to take tracings. 

In the case of the carotid the respirator}’- movements of the neck 
are much bigger and interfere with the result. It is necessary ‘to 
isolate the artery for about two inches, and to place it upon something 
which is immovable. The artery is therefore placed in a groove of a 
piece of ebonite which is supported also upon an upright; it is import- 
ant that the artery should lie in a normal position. By bending the 
head (an additional joint was put into the rabbit-holder), this is 
brought about and the artery can then be placed in position upon the 
ebonite plate so as to lie in the same line with it. 

The metal rod holding the mirror can be arranged upon it, and it 
can be moved by screws up and do-wn, from side to side and from before 
backwards. These screws are not seen in the figure. It is most im- 
portant to work with two tables, one for the kymogl:aph, and the other 
for the animal, the support for the mirror, and the ebonite plate. 
The reason is that the -vibration of the kymograph would otherwise 
shake the animal, and the mirror attached to it. In Fig. 1, they are 
both covered by a sheet for purpose of photography. The aperture in 
the photographic k 3 nnograph through which the vertical slit is seen is 
covered by a piece of ruby glass. The sensitised papers (Nikko) Kodak 
Co., are 10 or 5 cm. wide and can be prepared in lengths of 100 yards 
or more. I have to thank Mr J. Brown for veiy kind help in preparing 
them. While the vaseline holds the mirror to the artery of a rabbit and a 
cat, in the dog the movements are so rapid and jerky that this is not 
the case, and the results will be dealt with in another paper. 

In order to determine whether the inertia of the mirror would 
throv,’ it away from the artery, it was attached to a tuning fork vibra- 
ting 25 times to the second, by means of vaseline. The tracing obtained 
showed an even curve (Fig. 3). Of course the movement of the tuning 
fork must be small otherwise the mirror would at once fly off. 

As Ray was I believe the first to point out, the expansion of an 
artery is not a linear measure of the pressure of the blood within it. 
One cannot therefore record the absolute pressure, but one can^safely 
say that at one portion of the curve the pressure is higher or lower 
than at another, which is all that one can say for a Ludwig’s or a 
Fick’s curve. 



PHOTOGRAPHIC KYMOGRAPH. 


Tracings obtained. 

Fig. 4 show's the noritinl blood tracing in the rabbit; the tracing 
could of course bo obtained much larger. It will be seen tliat the 
respirator3' movements are small while those of the arterj’ are large. In 
manj' other cases it is hal'd to see 

that there arc .anj- respirator)’ move- ' ' j! 

ments at all. The variation in the / 

thickness of the linos of course indi- 1 ! 

cates the rate of movement of the , | ,f j 

artery. _ i u’ ’1 

Fig. 5 shows two curves obtained I | 

by stimulating the peripheral end I I ■ . 

of the vagus. The lower straight ' I ' ■ 

lines indicate the duration of the ' ' ' ' 

stimulus. The dots indicate time r ‘ ^ 

second. This is like the curve for ' ^ 

the mercury manometer except that ■ i 

after the stimulation it docs not j' F13 5 . I. _ 1 „J 

exceed the upper level of the curve. 

The differeiico may probably bo duo to the flow through the artery 
being obstructed in the case of the mercurial manometer, and free m 
the other. Another point in which the tracing differs from that obtained 
by the mercury manometer is the very much larger curve obtained for 
each heart beat. The curve obtained by stimulating the depressor nerve 
is like that given by a mercury manometer except of course that the 
variations in size due to the heart _ ^ „ 

beats are much more extensive. ^ 

Fig. 6 shows the tracings obtained j 1 ‘ ' ! 1 - 1 'M 

by the instrument adapted for the' | I -j, 1 .j / ' 

frog’s heart; another and much longer 1 ! ^ .1 ' j | 1 I 

piece of metal is placed in the groove Jj s' 

at the back of the mirror. There is of , - • ng e ' 

course no need of the cross curved (•_ — 

piece which is essential for the .artery. 

I have to thank most heartily 
manner in which he adapted a room m Ins laboratory 

1 have to thank my former mechamc.al assistant Mr Josiah Miles 
for the care with which he constructed most of my .apparatus. 
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I have finally and not less warmly to thank the Medical Kesearch 
Council for their generous gift in aid of the research, a portion of which 
is here published. 
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The perfecting of the instrument described in the foregoing, 
pages had long been close to the heart of Prof. Haycraft. He 
considered that the existing methods of recording variations of 
arterial pressure gave a. very inaccurate rendering of the actual 
variations and he hoped to fashion an instrument giving a true 
record. The short account he has given was to be the forerunner 
of a full investigation. He had obtained a number of tracings from 
the arteries both of man and animals, which showed no dicrotic 
wave and he believed that this wave was artificial — ^the result of 
narroAving the lumen of the artery by pressure. Whilst engaged in 
testing the trustworthiness of the tracings, death struck him down, 
and his work is left for others to complete. 


J. H. L. 



ON THE SITUATION AND EXTENT OF THE PURELY 
YELLOW ZONE IN THE SPECTRUM. 

By GUSTAF FR. GOTHLIN, Vfsala. 


Newton, the first to investigate the spectrum in detail, also determined 
the limits of the spectral colours laid down by him(i). What Newton 
characterised as yellow in the spectrum is undoubtedly the whole of the 
region that makes a predominantly yellow impression on the eye, con- 
sequently including that part of the yellow-green in which yellow pre- 
dominates. According to the calculations of FresnelP) in 1826 as to the 
wave-lengths of the beams that correspond to Newton’s limits between 
the spectral colours, the wave-length limits for yellow ho at 532 and 
571 p/i respectively. By means of an improved method of calculation, 
DrobisohP), in 1853, corrected these values to 637-7 /t/a and 688-G/i/i 
respectively. In 18G0, Clerk MaxwcllP), on the basis of numerous 
colour-mixture equations, made out curves for the fundamental colours 
in the spectrum. The point of intersection between his curves for red and 
green is not in complete agreement in his two grapliic representations of 
two series of experiments; but it lies approximately at the wave-length 
2116 according to Fraunhofer’s system, corresponding to 572-8^f£. 
Here, therefore, accordingto Jfaxwell’s measurements, one expects that 
the purest yellow will lie. ListingtS) states that pure yellow corresponds 
to a wave-length of 559 p/a and places the limits between yellow and green 
at 634-7 ftp and between yellow- and red at G85-Gpp. This figure of 
Listing’s for the limits of yellow is still quoted in the last edition of the 
tables of Landolt and Bornstein(e). In his description of the spectrum 
lSelmholtz(7) states that there is a very small line (Strich) of pure yellow 
whieh is about three times as far from E ns from D. It does not appear 
quite clearly from the context whether it is in the normal spectrum or in 
the prismatic spectrum that Helmholtz considers the position of the 
yellow to be stateable in this fashion. If the normal spoctnim is intended, 
that would mean that the wave-length 674 (673-7) pp is in the middle 
of the yellow. If, on the other hand, the prismatic spectrum is intended, 
a somewhat shorter wave-length would represent the mean wave-length 
of that light which is conceived as pure yellow in the spectrum. 

F. C. Doudera(8) caused 7G persons to fix the position of their purest 
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yellow in fche spectrum. Tlie extreme lights which any eye amongst the 
persons examined by D ond ers fixed upon as purest yellow had the wave- 
lengths of 672 /x/x and 594 fx/x respectively, and the mean value of the 
determinations of all the eyes as regards the purest yellow was 582p./i. 
E. Hering(9), according to whose theory yellow is a fundamental colour 
in the meaning that the sensation so named can be produced by a unitary 
process, contested Ponders’ conclusion that in difierent persons light of 
different wave-length was seen as the purest yellow. He held that the 
sensation of purest yellow was produced in different persons by light of 
the same wave-length. K. SchaumliO) essayed a division of the pre- 
dominantly yellow zone in the spectrum. He divided (p. 65) the spectral 
yellow of the physicists into golden yellow, yellow and greenish-yellow. 
Starting from the Fraunhofer lines G, D and E, the extent is given in 
the tables as follows: 

For golden yellow C | D — D i E (i.e. 606 — 578-9 

For yellow D i E~D J E (i.e. 578-9— 568-5 im); 

For greenish-yellow D J E — E [i.e, 568-5 — 527 p-n). 

I have not been able to find any previous experimental investigation, 
made with the object of determining the extent of pure yellow in the 
spectrum. As it seems that the knowledge of this would be of both 
theoretical and practical importance, I have tried to make good the 
gap. The investigation has been carried out on 24 persons, the majority 
of whom have often been obliged to judge of colours in connection with 
their daily work. 

Methods. The testing has taken place with rhonochromatic lights 
which have been shown in the writer’s liminospectroscope. The design of 
this instrument has been described in detail (il) in the Transactiom 
(Handlingar) of the Royal Swedish Acaderny of Science, Vol, 58, I, 1917. 
A careful wave-length scale for the instrument within the spectral region 
that was to be dealt with — that is to say, the yellow and immediately 
adjacent parts of the spectrum — was first worked out. By the use of a 
heliostat in a room Avith greatly subdued light, certain Fraunhofer lines 
were brought, with the aid of the Gauss-ocular of the apparatus, into the 
middle of the slit of the telescope tube. This slit had been beforehand 
regulated to 'a width of 0*2 mm. At the same time the width of the sht 

^ The calculation of the wayc-lengths corresponding to the original figures has been 
worked out by the present vrciter on the a,ssumption that the figures refer to the normal 
spectrum, a matter, however, on which the original work gives no information. On what 
investigations the figures given by Schanm rest is not stated. In naming the colours he 
'followed Helmholtz. 
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of the collimator tube was O-Ou mm. The Btandnrd lines sought out were 
the C line, the middle of the interval between the lines Z?i and D^, and 
line bi- For each line five completely independent determinations were 
carried out, after which the mean value of these was taken. In this wa) 
it was established that the C line (6563 Angstrom units) corresponded to 


the scale-line marked C09I on the rcvohdng mechanism of the prism; 
the middle of the interval between Z), and Dj (0893 A. units) corresponded 
to 5185 on the scale ; and the line (5181 A. units) corresponded to 1500 
on the scale. With the help of Hartmann’B(iC) formula it was deduced 
for the region between 0 and 0, , that 

, 702l47r.-.-i 


S=-7tfi»0 


,\-2820 ' 


where A is the wave-length, c.vprcssed in Angstrom units, which it is 
desired to sight, and S is the numerical value of the corresponding line 
on the revolving mechanism of the prism. The corrcctne.ss of the formula 
was verified on the lines a and B, the situation of which had been directly 
established in precisely tlie same way ns the above given standard lines, 
and also on the thallium line. With regard to the.se lines chosen as samples, 
the use of the formula led to values which were in complete accordance 
with those read off in the direct determinations of the lines. On the basis 
of the formula there were tlien calculated and set up in tabular form the 
values of S for all wave-lengths between C30pp and 520 p/i, amounting 
to multiples of 1 pp. As a rule I have contented myself with showing 
beams with a difference of 1 pp in wave-length. 

The liminospectroscope, in wiiich the source of light is a Nernst slit 
lamp of Gullstrand’s design (IS), is set up in such a way that the source 
of bght, the illumination tube with its polarisation arrangement, and the 
prism table with its revolving mechanism and scale are in a dark chamber, 
while the telescope tube penetrates a wall impervious to light leading to 
another dark chamber in which sits the person who is being experi- 
mented on. 

The prism in the apparatus has a dispersion of 5° 30' between the 
Fraunhofer lines C and F. In all the main experiments the work has been 
carried out with a slit of 0-03 mm. in the collimator tube and a slit of 
0-3 mm. in the telescope tube. With this combination of slits I have deter- 
mined the spectral breadth (dA), expressed in wave-lengths, in the light 
going out through the slit of the telescope tube and found it amount to 
0-38 pp for right of wave-length 572-5pp, to 0-43 pp for light of wave- 
length 582-5 pp, and to 0-46pp for light of wave-length 592-5 pp. 
Consequently one must take into account the fact that, if one sights a 
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wave-length of 580 hij. for instance, one finds in the emerging beam also 
wave-lengths that exceed and fall short of 580 [ifi. by about 

In the chamber where the observer is installed, above the telescope 
opening of the liminospectroscope, there is fixed a fairly large pasteboard 
screen, coated with magnesium oxide. The screen slopes somewhat 
towards the chamber with its upper edge. On a stand near the opposite 
wall, that is to say, behind the back of the person imder experiment, 
is placed the source of light, which determines the nature and strength 
of the illumination upon the screen. 

As there does not yet exist any international agreement as to what 
should be regarded as “white light,” I confined myself to considering 
as white or neutral, from the standpoint of colour, the illumination on 
the screen from a sky, which was free from clouds except an even and 
uniform covering of cirrho-stratus. Neither the sky nor the magnesium 
oxide screen seemed under these circumstances to exhibit any colour 
that was observable to the eye. During a day when the whole sky that 
could be viewed from a window freely facing the south-west was covered 
by such cirrho-stratus, the magnesium oxide screen just mentioned was 
placed at a distance of one metre inside and at an angle of 45° to that 
^vindow, so that it was entirely illuminated by the light from the sky. 
Directly opposite the screen was set up a Weber photometer, the obser- 
vational tube of which .was levelled against the scredn. In the line of 
the other tube, which is generally occupied by the source of fight of the 
photometer itself, there was placed a half- watt lamp of 75 candle-power 
in a light-proof box in such a way that the connection between that box 
and the photometer tube was impervious to light. In the light-proof 
space between the half-watt lamp and the photometer-tube there was 
set up first a glass trough with plane parallel walls, intended to hold a 
solution of sulphate of copper, and secondly, a frame with several par- 
titions intended to hold on the side nearest the tube a piece of ground-glass 
and beyond that, if necessary, green or blue glass filters. 

After the illumination in the two fields of the Lummer-Brodhun bi- 
prism of the photometer had been made of uniform strength by first 
putting a suitable ground-glass in the frame in the front of the half-watt 
lamp and afterwards by moving the movable ground-glass in the graded 
tube of the photometer, the tone of colour in the field which received its 
Ijght from the half- watt lamp was changed by means of filters until the 
eye could not discern any difference between that light and the neutral 
fight which the other part of the field for comparison received from the 
raagfiesium oxide screen illuminated by the sky. During these operations 
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it was not necessary to make use of the blue and green glasses which w ere 
held in readiness, for what was to the eye complete identity in tone of 
colour was in practice obtained at a certain concentration of the solution 
of sulphate of copper in the trough. 

The neutral artificial source of light thus obtained, consisting of a 
half-watt lamp in its light-proof bov, the sulphate of copper trough — 
the contents of which had previouslj’ been cut off from access of air by 
pouring a layer of melted paraffin over the hquid — and finally, the ground- 
glass, were then moved on to the stand in the dark chamber for the 
observers. The magnesium o.vide screen was also brought into position 
m the way that has already been stated A definite point of fixation w as 
selected on the screen and was indicated by a mig-shapcd mark, which 
was also of cardboard covered with magnesium o.udc Finally, so much 
of a piece of black opaque cardboard was inserted in front of the ground- 
glass in the artificial source of light that, if a Weber photometer was 
applied to the place of the observer and its observation-tube was lev'elled 
straight at the fixation mark on the screen, and at the same time a plate 
of ground-glass in the mouth of the tube was in the same place that the 
eye of the observer was afterwards to take, the total illumination on the 
place intended for the eye amounted to one metre lux To tlus illumina- 
tion all the persons experimented on had to adapt themselves first, at 
the beginning of the experiment 

The exposures in the apparatus did not begin until the person under 
experiment had looked at the mark on the screen for 10-12 minutes 
continuously, and the definitive determinations did not take place untd 
about half an hour later. Thus, the organ of sight had been adapted for 
an illumination of one metre lux at the place for the eye for about 40 
minutes, although there were interruptions for the purpose of taking 
readings It may, perhaps, be objected that it would have been more 
thorough-going and bettci to cause the adaptation to take place for total 
darkness But in practical life one does not judge colours with eyes 
adapted to total darkness. Moreover, if a long penod of adaptation to 
total darkness had had to precede the judgment, difficulties would have 
arisen in the way of getting hold of a sufficient number of qualified persons 
for the investigation. 

The persons subjected to my experiments were partly artists exercising 
the art of painting, partly persons who had successfully devoted them- 
selves to painting in the capacity of amateurs, and finally, in some cases 
persons (physiologists, psychologists and women-teachers of drawing), who 
had proved themselves to have a good eye for colour without belonging 
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In tliis test, as in most of the others, the wave-lengths of the beams 
shown have formed whole multiples of 1 p.^.. If the results are expressed 
without considering the actual spectral breadth (< 0-6/x/x) of the several 
beams, G. J.’s pure yellow will correspond to the wave-lengths 580- 
bSififi,. 

As the construction of the liminospectroscope readily admits of pro- ' 
ducing beams with wave-lengths that differ by only yx/i, although in 
such cases with the same spectral breadth as if they differ by 1 /x/i, the 
former method of testing has been employed in some cases. In one 
■ l^ndividual (No. 8) it was even necessary to have recourse to this ex- 
pedient, because the observer’s zone of pure yellow was found to have 
a breadth falling short of 1 p,p,. . 

Without giving complete records of every examination, I give below, 
on basis of the records, what wave-lengths those beams have which are 
conceived as pure yellow by the various persons experimented on under 
the conditions prevailing at this investigation: 


Observers: icomere 

1. G. J., painter 

2. M. L., portrait-painter 

3. E. S., ,, 

4. E. H., painter 

5. 51, A., drawing teacher 

6. I. A., a.ssistant for scientific drawing and painting 

7. Gr. S., „ „ „ 

8. 51. Sj., amateur painter 

9. I. G., 

10. E. 0. 

11. B. H. 

12. H. A. 


Yellow zone 

HH 

580 -584 
580 -581 
577 -582 
.579-5-581-5 
579 -581 
-589 
-684-5 
-584-5 


681 

583 

584 


578 -581 
578 -583 


578 

582 


-580 

-587 


Observers: men 

13. J. 0., painter 

14. L. Lj., scientific painter, lithographer 

15. E. B., medical doctor, amateur painter 

16. N. Z., university lecturer, amateur painter 

17. Fr. university graduate, amateur painter 

18. Hj. O., professor emeritus in physiology 

19. B. H., professor of teachers’ training, psychologist 

20. S. A., lecturer in psychology 

21. G. G., professor of physiology 

22. L. B., demonstrator in physiology .... 

23. C. G. S., physician, physiologist 

24. B. C., assistant in physiology 


587-5-590 
577 -583 

583 -585 
577 -582 
574 -585 
678 -583 

588 -596 

589 -591 

584 -591 
583 -584 
579-5-58G-6 
579 -584 


A more rapid survey of the individual variations, with regard both 
to the position and to the extent of the pure yellow zone, can be obtained 
by a glance at the accompanying graphic representation of the results 


(Kg. 1). 


, Thus the test shows that, under identical conditions of experiment, 
th^urely ycUow zone in the spectrum for normal organs of vision have 
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lain at different ranges of wave-length, c.ff, for observer No. M at 677- 
583/i;t, for No. 15 at 583-585 /r/t and for No. 13 at 587-5-.590/r/r. Tlii.s 
result is irreconcilable with Hcring’s un[)roven assertion that in a 
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neutral condition of the eye the pure sen.sation of yellow (“Urgelb”) 
in the central vision in different eyes is produced by one and the same 
radiation. Nor can that radiation which is characterised by Hesspr) as 
invariably yellow (with a wave-length of 574-5 /r/i) be regarded as other 
than individually valid. To m}’’ own organ of sight, as to that of observer 
No. 22, for instance, the radiation with a wave-length 574-5 /zp on direct 
fixation makes the impression of a yellow greatly mixed with green; and 
it undergoes a very appreciable change in the tone of colour when the 
image is moved out to the intermediate zone of the retina. Probably, 
therefore, the yellow which is characterised by Hess as invariable is also 
subject to individual variations in the matter of wave-length. 

A glance at the table on p. 188 and Fig. 1 shows that there does not 
exist any monochromatic radiation which makes the impression of pure 
yellow on aU normal organs of vision that are in a neutral condition and 
have been adapted to such a faint illumination as one metre lux, when the 
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to-day in persons soffericg from what is called green blindness— an 
anomaly which, therefore, I conceive as a kind of atavism. In the inter- 
mediate retinal zone, and also in the central zone of those suffering from 
green blindness, it is sufficient to assume a white-process, a blue-process 
and a yellow-process. During the evolution from this dichromatic con- 
dition to the highest development of colour vision, I suppose^ that, by 
degrees, a red-process and a green-process have been substituted for the 
simple yeUo%v-process and that the red- and green-process respectively, 
when alone, elicit a sensation of red or green, but when simultaneously 
present in a definite relative strength result in a sensation of pure yellow. 

The condition in the intermediate zone (I) and the condition in the 
central zone of the normal eye, when the yellow-process has been entirely 
replaced by the red- and green-process (II) according to this hypothesis 
can be represented schematically in the following diagram. Yellow, which 
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in I represents about half the spectrum, dwindles in II down to a point 
at the transition of red in green. Between I and II intermediate states 
(III) must be supposed, characterised from the fact that a remainder, 
greater or less, of the simple yellow-process yet exists along with its 
derivates, the red- and green-process. The explanation of the different 
breadths of the yellow zone in different individuals is self-evident ivith 
this working hypothesis. In the case of severe restriction in the yellow 
zone, as in the case of observer No. 8, it is to be assumed that the yellow 
process in the central range of vision has been completely replaced by 
the green- and red-processes. In cases where the purely yellow zone has 
a greater spectral breadth one must assume a corresponding remainder 
of undifferentiated yellow-process in the central range of vision also. 

According to the cleavage liypothesis mentioned above, a normal 
sense of colour in the central part of the retina (a field of 2°) would be 

I This hypothesis has certain points of resemblance to one put forward by Chr. Ladd 
Franklin (isi, but is less fully- specialised. 
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in certain eases, and those the furthest advanced, froni the point of view 
of historical development, trichromatic in the sense that only three 
chromatic elementary processes occur there (the blue-process, the green- 
process, the rcd-j)rocess), while in other cases it would be totrachromatic 
in the sense that four chromatic elementary processes (blue-, green-, 
red-, yellow-) exist alongside of one another. 

Starting from the hypothesis that a certain amount of (he yellow- 
process becomes di\ddcd, when colour-vision becomes more highly 
dilTerentiated, into equivalent amounts of red- and green-processes, the 
explanation of the individual dissimilarities with regard to the position 
of the yellow zone may assume something like the following shape. 

First alternative. The green-process and the rcd-proce.ss are not 
elicited in all neutral eyes in the same proportion on illumination with 
a given monochromatic light. This alternativ-c presents itself, for instance, 
if in some eyes — namely, those with a yellow zone of relatively long wave- 
length the substratum for the red-process were found in a smaller 
quantity in comparison with the quantity of substratum for the green- 
process. The same alternative might also be realised to a certain extent 
in another way, namely, that the fluorescence effects of the eye media 
and the retina were of different strength in different eyes. If, for instance, 
these formations, in the presence of radiation of the appro.ximate wave- 
length of yellow (about S80p/x), presented in certain eyes a stronger 
fluorescence effect according to Stokes’ law than in others, the position 
of the purely yellow would thereby be moved by the fluorescence effects 
in the direction of shorter wave-lengths in eyes of the former kind. 

The second alternative in the way of explanation would be this: a 
radiation of a given wave-length brings about in all eyes in a neutral state 
the same relation between the intensity of the green-process and that of 
the red-process in the retina, but this relation is changed in some persons 
on the way to the centre of vision either through more unfavourable 
conditions of transmission or through a lower susceptibility in the centre 
itself for one of these processes than for the other. According to this 
alternative explanation it would have to be assumed that those whose 
yellow zone is seriously shifted to the red side of the spectrum, have an 
inferior transmission po^er or a low-er central susceptibility for the red- 
process than for the green-process. 

Summary. 

The situation and extent of the purely yellow zone in the spectnim 
was investigated by experiments on 2i normal trichromats accustomed 
to judge colours, 12 of either sex. At the time of the examination, their 
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eyes were adapted to a neutral light corresponding to an illumination 
of one metre lux at the place occupied by the eye. The spectral breadth 
of the monochromatic radiations with which the tests were made, fell 
short of 0-5 /xp. 

Under these conditions it was established that both the situation and 
the extent of the purely 5 'ellow zone in the spectrum varies from individual 
to individual (cf. Fig. 1). For instance, in one person (No. 14) it lay at 
577-583 pp; in another (No. 15) at 583-585 pp; and in a third (No. 13) 
at587-5-590pp. 

On examining these 24 persons no radiation with greater wave-length 
than 596 pp and no radiation with shorter wave-length than 574 pp was 
conceived as pure 3 'ellow\ 

The spectral extent of the purely jmllow'.zone varied in different eyes 
between 1 and 12 pp, and was, on the average, less in' the women experi- 
mented on (mean figure, 4*1 pp) than in the men experimented on (mean 
figure, 6-1 pp). 

The radiation wluch received the largest number of votes (14 out of 
24), as belonging to the purely yellow'- zone, was a radiation with the 
wave-length of 580 pp (cf. Fig. 2). 

The results of the investigation make it e\ident that no monochromatic 
light exists which makes the impression of being purely yellow' on all 
normal trichromatic organs of -sision which are adapted to a w'eak (one 
metre lux) neutral illumination, w’hen the radiations exposed are not 
chosen stronger than is necessary to render possible the distinguishing 
of colours. 
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A SIMPLE APPARATUS FOR PRODUCING 
MECHANICAL HEMOLYSIS AND ITS PRAC- 
TICAL USE. B\ D J DF BAAED 

(From the Physiological Laboratory of the Unuersily 
of Groningen, Holland ) 

For several purposes it is desirable to hemol>se blood uithoiit addition 
of chemicals It has been done by freezing and thawing repeatedly, by 
electric discharges, bj shaking with mercury, glass-powder (i), asbestos 
fibresp), or by rubbing with sandG) These methods take considerable 
time and do not guarantee complete hemolysis A very good method is 
by forcing blood intermingled with infusoria earth and packed in a later 
of cotton-wool, through a Buchner presstt) This, however, can only be 
done with considerable quantities of blood and some loss Further there 
exists a possibility of constituents of blood being adsorbed by the 
infusoria-earth, so that the resulting fluid may- inaccurately represent 
the original composition of the blood In order to avoid these draw backs 
I constructed a small apparatus with winch blood can be hemolysed 
completely and by purely mechanical means It depends upon the 
principle of forcing blood under a high pressure through a very narrow 
slot 

In the dairy tcchnicj^ue, machines depending upon tins principle haie long been used 
B arthel disco\ ered that the fat globules could be reduced m size by mechanical influences , 
Julien built a machine m 1892 b> means of «Iuch milk was forced through narrow 
openings under a pressure of 2u0 atmospheres, in \ihich ho caused the resulting spouts to 
clash against each other In 1900 Gaulin built a machmo by means of which milk was 
forced under a high pressure into a tube closed MitU a cone of agate, which was kept m 
the opening with a strong spnng After Goulin man> others constructed machines 
dependent upon much the same principle With most of them the fat globules are reduced 
to the limit of microscopical visibility 

According to this principle a simple apparatus can be made for 
hemolysing blood a« follows (Fig 1) 

A thick walled brass tube (a) of 8 mm boro is provided on one side 
with a cross bar (R) On this side the wall of the tube is turned out m a 
conical shape at an angle of 45° to the axis In the two sides of the cross 
bar a screw hole is cut, through which a bolt (S) runs The bolt passes 
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at tie distal end tixougi a iole of a iair (3") of tie same lengti as the 
cross-bar and at tie end it is provided vriti a nob. A steel spiral spring 



(P) wien compressed by tie bolts presses on to a holder (C), which 
presses a steel ball of ± 12 mm. [B) in the conical opening. Such a 
spiral spring must be used as will be shortened to half its length hy 
50 kg. In the tube there is a piston consisting of a steel piston-rod 
(0) of 7 mm. diameter, provided with a leather bucket {U) fastened with 
a small screw and nut to the rod. The piston should be soaked in water 
before being used in order to fit. 

To make the ball fit exactly it is put on the conical-shaped opening, 
while the other end of the tube rests on an anvil, and struck two or three 
times with a rather heavy hammer. The result is that the hard steel ball 
forces a bed in the opening of exactly the same curvature as that of the 
ball. After this the ball-holder (under which the ball lies) is pressed by 
means of the bolts and the spring. A certain pressure put on the intenor 
of the tube will produce a very narrow slot between ball and wall of the 
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tube througli u-liiob the contents can escape. When the tube is filled 
ivith blood and the piston is pressed into it uith a strong screw, there 
u-ill escape througli the slotdaked blood, in which only sporadic un- 
hemolysed erythrocytes arc to be found. (Tlie pressure at which the 
blood escape.s should not be less than GO atmospheres.) 

The following phenomena may be observed bj' using this apparatus. 

If blood that is made unooagulable by a citrate is forced through this 
press we get a clear liquid that will coagulate after some time. Whether 
this coagulation is caused by a certain quantity of Ca that is to bo found 
in the erythrocytes, by a change in the acidity of laked blood uith 
regard to the plasma tlirough the contents of the erj-throcytes, or by 
particular substances, is not settled and will further be examined. 

Unprepared blood not yet coagulated ivill coagulate after being 
forced through the press. Instead of the blood itself we can also take 
erytlirooytcs from which the plasma is removed by centrifuging de- 
fibrinated blood, so that we get the contents of the erythrocytes ivith 
very little scrum. 

If this instrument ia.uscd for horse’s blood, the property of horse’s 
hemoglobin crystallising very easily is disclosed. In contact with the 
air and especially with oxygen the resulting liquid contains a groat many 
hemoglobin-crystals. This spontaneous crystallising is probably owing to 
the lesser solubility of o.xyhemoglobin in contrast with reduced hemo- 
globin at room temperature (5). In this connection it may be noted that 
Hamburger saw hemoglobin-crystals in erythrocytes. If we wash 
horse’s erythrocytes with a hypertonic solution of sugar by means of 
which we draw water from them, we obtain after forcing them through 
the press a half solid crystalline substance that can very well be used 
for preparing hemoglobin. 

With this simple apparatus 50 c.c. of blood can be easily hemolysed 
in half an hour (the contents of the cylinder is 5 c.c.). If larger quantities 
are required we can take a wider and longer tube, but in that case the 
spring must be proportionately stronger. In this manner the apparatus 
will lend itself to obtaining laked erythrocytes that may be used for all 
kinds of physical-chemical researches. 

I may describe here the possibility of another use, namely deter- 
mining refractometrically the hemoglobin-content of blood according to 
Howard(6). In order to make this determination fit for clinical use it 
is however necessary to reduce the quantity of blood to a minimum, in 
other words to make the contents of the pressing tube as small as possible, 
so that a few drops of blood will be sufficient. For a narrow pressing-tube 
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it is almost impossible to make fitting pistons, therefore the apparatus 
has been constructed a little differently, as follows (Fig. 2. A and B). 



The apparatus consists of a piece of brass A, 4 cm. long, with a 
cylindrical bore of 4 mm. One end of the bore is turned out conically 
under an edge of 45°. A steel ball B of 10 mm. is first hammered and 
then pre.sscd in this opening by means of a brass holder C, a spring B 
and a screw-bolt E. The brass tube F is screwed to A and has a little 
t’<be G, through which the hemolysed blood can drain; sometimes it 
may be necessary to blow into the instrument by means of tube H. The 
piece A is screwed to another piece I and closed by a bored leather 
gasket K. I contains another gasket L made of fat cotton-thread, which 
is compressed by means of the bored piece of brass M and the nut .V. 
Through the whole passes a steel pin (9 of a little less than 4 mm. diameter, 
which fits exactly in the bore P. The connection between 0 and P is in 
such a manner that 0 needs not turn with P, but is drawn back, if P 
returns to its former position. The apparatus is filled by screwing A in 
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E with spring and ball in tlio required position and screwing on E, aftei 
tins the opening A is filled with blood bj means of a capillary tube and 
now A can bo brought in every direction without the blood flowing out 
The pm 0 should eiitireh be returned to its former position and A be 
screwed m /, after which when P is screwed on, the henioijsed blood 
flows off through O' 

How arc! determines the quantitv of hemoglobin in blood by reaebng 
the rcfractioii-mdes of hcmoljscd and iinhcmohscd blood with an Abbe 
rcfractoincter For the determination of the refraction of unhemol} sed 
blood it IS not nccessarv to free it from the erv tliroc) tes When a diop 
of blood IS brought between the prisms of the refractometer and we wait 
some moments, wo get a very distinct dividing line, which, according to 
the state of the blood, denotes the refraction of plasma or serum, let 
this be A'o We can also casih determine the refraction of hemoljsed 
blood, let this be A’, It is clear that the cliffcrence between and A’j 
will be the result of the solution of the contents of the er\ tlirorjtcs in 
the plasma This increase of the refraction index is chiellj the result of 
the hemoglobin going out So there must be a somewhat simple relation 
between iVi and iV. and the quantity of hemoglobin Now Howard 
found tlidt A', - A'j/ 00183 represented the quantity of hemoglobin in 
grams for every lOOe c blood This scheme lias not ) et been fully worked 
out by Howard He used for hemoIjMs cither freezing and thawing 
repeatedly or sapoume The contents of the crvthroev tes, other than 
hemoglobin, will probable exercise a different influence in different 
circumstances This question Howard touches on, and I hope before 
long to be able to publish further pirticiilars about it 

It niaj be worth mentioning tlmt the specific weight of blood henio 
1} sed in the manner described abov e (acc urate to fiv e places of decimals) 
does not differ from that of unhemol} sed blood 

There is, finally, another use fortius apparatus we can cmulbif} with 
it two liquids that do not mix with one another, if first we make a rough 
emulsion bv shaking and then force it tluough the press In this wa} it 
is possible to prepare a fairl} stable emulsion of parallin oil m watei 
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THE EFFECT OF CONCENTRATION OF THE RED 
BLOOD CORPUSCLES ON THE DISSOCIATION CURVE 
OF BLOOD. By J. BARCBOFT anp K. UYENO. 

{From the Physiological Laboratory, Caynhridge.) 

The followijig experiments form an extejision of some observations 
which will be found in Appendix III of the “Report of the Peru High 
Altitude Expedition of 1921-2(1).” The suggestion underlying them was 
due to Dr C. D. Murray, who was working in this laboratory. The argu- 
ment was as follows; (1) It is generally accepted, largely on the basis of 
Hamburger’s work, that if the carbonic acid be withdrawn from shed 
blood (as by shaking) the chlorine ion ivill migrate from the interior of 
the corpuscles into the plasma, but the bulk of the metallic ion will 
remain in the interior of the corpuscle. (2) The blood may then be 
divided into two fractions by centrifuging, one relatively rich and the 
other relatively poor in corpuscles. (5) If the fraction rich in corpuscles 
be exposed in a saturator containing a given quantity of carbonic acid, 
this gas will be in part absorbed by the plasma and the chlorine ion 
mil tend to return from the plasma to the interior of the corpuscles. 
(4) But inasmuch as the greater part of the chlorine ions were removed 
from the fraction rich in plasma and as there is an increased number of 
corpuscles relatively to the plasma, the quantity of chlorine which will 
migrate into each corpuscle is markedly less than that which the corpuscle 
originally contained at the COg tension under consideration. (6) This is 
another way of saying that the interior of the corpuscle is more alkaline 
than originally, when exposed to a given tension of carbonic acid. (6) In 
accordance with the work ofToyojiroKato(2) the oxygen dissociation 
curve might be expected to be higher, i.e. the haemoglobin would take 
up more oxygen at any given oxygen pressure between 0 and co , the 
other circumstances being the same. 

The first object of the present research Avas to investigate the position 
of the dissociation curve under the conditions stated. If, however, the 
above argument is true other corollaries follow. (1) For the same reason 
\that the dissociation curve of the concentrated fraction is raised, so m 
rae fraction rich in plasma and poor in corpuscles, the dissociation 
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cun'C should be depressed as compared SMth that of normal blood 
(2) If instead of shaking out the CO, bcfoio centrifuging, a high con- 
centration of that gas was forced into the blood, one uould expert the 
dissociation curves of the concentrated and reduced bloods to change 
place, that of the concentrated blood being depressed, whilst that of the 
fraction poorrn corpuscles Mould be raised 

Figs 1 and 2 given below show that these expectations were on the 
whole realised Little need be said about the experimental details which 
were quite straightforward The blood, in e\crj case, was withdrawn 
from the finger by pricking with a needle, was dcfibrinated with a glass 
rod and was at once put on ice “Finger blood” which comes drop b} 
drop cools much more rapidly than blood t ikon into a syringe — an 
important factor in anew of the work of Eva ns (3) and others quoted bv 
him The blood was used for experiment forthwitli About ten minutes’ 
shaking of the cold blood in a flask sufficed to remove a great portion 
of the carbonic acid After centrifuging 0 5 c c of plasma was removed 
in order to make certain by analysis that the CO. had been sufficiently 
removed (or in the alternative case was present in large excess) A 
reading was taken of the blood which was to be analysed with a Haldane’s 
hiemoglobinometer In the case of the fractions rich in corpuscles this 
reading was about 100 on the scale, whilst in the case of the fractions 
poor in corpuscles, the quantities of corpuscles and plasma were so 
regulated as to make the hiemoglobinometer reading about 60 When it 
was desired to centrifuge in the presence of a largo quantity of carbonic 
acid, the blood was well shaken in a saturator in which the pressure of 
that gas was approximately 230 mm , from tins saturator it was expelled 
under liquid paraffin into the tube of this centrifuge and a thick layer 
of that fluid remained above the blood during the fifteen minutes 


necessary for centnfuging 

In the saturators which were used for the determination of the 
oxygen dissociation curve, a carbonic acid pressure of 25 mm was 
aimed at in every case and usually it was approximately obtained The 
data however have all been corrected by means of the Hendersonf'i) ■ 
Adair(5) line so that they correspond accurately to a tension of 25 mm 


of COj 

In Figs 1 and 2 the black line shows the dissociation curve of the 
subject’s (Barcroft’s) normal blood at 25 mm , CO 2 pressure The curve 
IS drawn from Hill’s equation, the value of IfK being taken as 3600 
Fig 1 deals with blood centnfuged after the CO, had been largely shaken 
out, the amount remaining in being reducedJrtatboirt_12 volumes p c 
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Shortly after immersion a very obvious change takes place in the type 
of respiration; typically it changes from about 16 to over 200 respirations 
per minute. In the six experiments the lowest rate was 170 and the 
highest 250. This change is not associated with a corresponding change 
in the total ventilation per minute which so far from being increased 
twelve or fifteen fold was never increased three fold and on one occasion 
was not increased at all. In consequence the respiration became ver)'’ 
shallow. In one experiment the tidal air was under 2 c.c. per minute, 
whilst in three others it was between 2 and 3 c.c. The result of this ver}" 
shallow respiration was to lower the oxygen saturation in the arterial 
blood. The most striking case was one in which the saturation sank from 
95 p.c. to 56 p.c., but as a rule it was between 80 and 90 p.c. during the 
periods of shallow respiration. Indeed it is remarkable that the blood 
was oxygenated to so high a degree as was the case considering that 
the tidal air amounted to but 2-3 c.c. This effect of shallow respiration 
is in agreement "with the results obtained by Haldane and his collabo- 
rators (5). 

The counting of the pulse during the periods of rapid respiration was 
impossible by palpation: it was achieved by piercing the chest walls vith 
a needle, the point of which was placed on the surface of the ventricle; 
the heart beats were then counted on touching the protruding portion 
of the needle. The “minute volume” of blood passing round the body 
increased as the result of the warming of the animal as follows: 


Slinute-volume of blood in c.c. 


Exp. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Before warming 

352 

310 

168 

223 

223 

227 

259 

402 

283 

During warming 

539 

415 

218 

234 

363 

280 

311 

482 

349 

Percentage increase 

53 

34 

30 

5 

63 

23 

20 

20 

22 



Systolic 

output in 

c.c. 





Exp. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Before warming 

1-4 

1-9 

1-1 

1-2 

1-2 

1-3 

10 

20 

1-5 

During warming 

2-9 

1-7 

1-8 

1-3 

1-8 

1-3 

1-7 

2-5 

1-6 


The pulse rate increased somewhat, but not greatly, in five of the 
experiments; in one it became slightly slower, being at first abnormally 
rapid. In its comparative constancy the pulse differed markedly from 
the respiration. The systohc output wms either approximately unchanged, 
or some\yhat- increased. 

The fbllowing protocol of a single experiment may be taken as 
typical of all unless otherwise stated. 
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RISE OF BODY TEMPERATURE. 


Kxp. 4. Urcthnne anTsthesia. 


Condition of heat 
Kcctal temperature 
Respiration rate per minute 
Depth of respiration c o. 

Expired air c c mmutc 
Oj p c in expired air ... 

Oj p c. in inspired air ... 

Oj absorbed c 

Oj absorbed in c c. per minute 

Saturation ^ntll oxygen p,c : 

Arterial blood 

Venous blood 

Difference p c 

Difference c c per 100 c c blo^ 
Jlinute-volumo of blood 

Pulse rate 

Systolic output c.c, 


In bath 

Room 43-41® C. 

lempcraturo for 30' 

35“ C. 39“ C 

1C 240 

167 27 

277 C40 

15 33 18 36 

20 96 20 96 

5 63 2 60 

14 5 16 b 


90 92 

57 50 

42 42 

65 7 1 

223 234 

180 204 

12 13 


The question arises — To what must the increase of mmute-vohime 
he attributed? The following causes suggest themselves. 

1. It has been shown that the warmed animal is suffenng in some 
degree from anoxtemia. In the preceding table it will be seen that the 
percentage saturation of both the arterial and venous bloods drops when 
the temperature of the cat rises beyond a certam point. In connection 
with the arterial blood it must be borne in mind that even so small a 
drop in saturation means a large fall of the oxygen tension. Experiments 
on gassed animals quoted by Barcroftp) suggest that increased minute- 
volume might be a compensation to anoxoemia of this type, but the 
experiments of Doi negative this view in amesthetised cats (2), and the 
results of the Peru_High Altitude expedition, 1921-2, point in the same 
direction in man (-1). 

2. It has been shown by Meakins and Da vies(5) and by Barcroft 
and Nagahashi(6) that plunging the arm of man into warm water 
quickens the circulation so much os to make the blood in the superficial 
veins quite arterial in appearance. It wll appear later that a similar 
effect may be produced in the cat. It seemed probable in Exps 1-6 
that the minute-volume was increased merely by the augmentation of 
the skin circulation caused by the direct stimulus of the hot water. This 
point will be discussed later. Here, however, it may be said that a 
comparison of Exps. 1-6 with 7-9, and also 16 with 17, excludes the idea 
that stimulation of the skin by contact with hot water was the underlying 
cause of the increased minute-volume. 

3. It will be noted that there is a considerable increase in the meta- 
bolism of the animal as shown by the oxygen intake; in the experiment 
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cited above it rose from 14-5 to 16*6 c.c. per minute, » rise of 15 p.c. 
This was a mimmal figure, iu one experiment it rose about LOO p.c. The 
cause of the rise is to be sought primarily in the rise of body temperature. 
The temperature of the cat under urethane was subnormal at the time 
that the first determination was made, whilst it always rose in the bath 
to a 4Supernormal figure. The rise was usually about 4° C. except in 
Exp. 2, where it was only 1"5“ C. In cases (two) where the increase of 
metabolism was extreme (doubled) an additional cause must be sought 
in some degree of muscular movement. 

4, As has already been said, tbe respiratory movements are greatly 
augmented. Not only are they augmented in frequency but also in 
force. This is made manifest by the MiiUer’s valves, in which the move- 
ments of the water are so great as to indicate quite unusual changes in 
intra-thoracic pressure. It might he expected that the increased pumping 
action of the chest would in itself cause as great a change in the minute- 
volume as was observed in several of the experiments. 

Pending the results of an investigation at present being carried out 
by Hugget, it is not possible to apportion the extent to which the 
increased minute-volume is attributable to the increased metabolism 
and to more active worldng of the respiratory pump respectively. 

The point raised under (2) reqiures fuller discussion. To investigate 
it I have made analyses of the Wood flowing from the saphenous vein. 
This vein is mainly a entaneons vein though it receives some blood from 
the muscles and bones of the foot. Its cutaneous area in the foot mclndes 
tbe area with sweat glands. In estimating tbe rate of blood flow from it, 
it is necessary to avoid any increase of pressure, as this would tend to 
divert some of the Wood from the foot to the external saphenous vein 
by way of the anastomosis between these two veins. In the cats used I 
estimate the area of the skin supplied by the vein to be 
whole skin area. 

Exps. 10-12 show the relation of the changes in the oxygen content 
of the arterial blood, tbe blood in the saphenous vein and the blood in 
the right ventricle of the heart, Exp. 10 may be taken as an example, 
though the effect is more marked than sometimes occurs. 


O.’cygcn saturation of blood. 

Percentage saturation 
. ■ 1 1 1 . . . — — . ■ ■ * “ 

ABC 


Cat exposed to 

Oj in arterial Saphenous 
" blood vein. 

Bight 

ventricle 

A-B 

Room temperature 

99 

74 

68 

25 

Batb44'’C!. 

90 

82 

43 

S 

BathrS“C. 

90 

55 

68 

41 


A-C 

31 

47 

38 
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Starting from tiie condition of the cat at room temperature the 
saturation of the blood in tlie saphcnoiib vein rises in the warm bath 
whilst that in the light ventricle falls, and the reverse changes take 
place in the cold bath Were the conditions of metabolism constant 
tills result uould indicate a greater degree of v'ascular constriction in 
theanim il gcnorallj than of dilatation in the skin, but ns the conditions of 
melabohsm are inconstant both m the body generally and the saphenous 
area m particular no such interpretation can be put on the figures 
In order further to explore the relative changes in the superficial 
area and in the bodj generally some fresh evpenmeiits were undertaken 
E\ps 13-15 maj be pissed over rather lightly, in them the cat was 
wrapped m cotton-wool with a warm water bottle In each case there 
was a considerable increase in the blood flow of the saphenous vein, 
though the temperature of the body rose but one degree The increase 
was in E\p 13, 130 pc , E\p 14, G4 pc and Evp 15, 14G pc The 
metabolism of the saphenous area was much increased The data for 
Exp 14 are ns follows 

Os} gen 

Blood flow por consumption of 
minute from saphenous area Tcinpemture 
Condition of aiiiinal saplicnous vcm per minute of cat 

Room temperature 0C4cc 014 cc 37“ C 

Warmed with bag add wool 105 050 33 

The experiment is of some interest as showing a 3-4 fold increase of 
metabolism with an increased blood flow This increase may be to some 
extent due to the actual change in temperature of the skin itself, but 
probablv’ also was attributable to the activitj of the sweat glands in the 
foot, in a later experiment we observed the appearance of sweat on the 
pads when the cat vias warmed Though of some interest in themselves 
Exps 13-15 did not yield the information desired, namely, whether the 
increased blood flow in the skin was of the same order as the total 
increase in the minute volume Two other experiments were undertaken, 
IG and 17, in which each quantity (namely (1) increased minute volume 
111 the saphenous area, and (2) that in the body ns a whole) was measured 
and compared These experiments agreed in showing that the increased 
minute volume of the body generally is greater than that m the skin 
In Exp 16 the increased minute volume of the blood from the heart 
was 107 c c , that from the saphenous vein was 2 18 c c The skin area 
of the saphenous v ein in this experiment was estimated as j’gth of that of 
the whole of the skin On this basis the increased minute volume of the 
w hole skin was 44 7 c c , about Jth of the increased minute volume of 
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the whole body. In Exp. 17 the estimated increase of the minute 
volume of the skin was only about l-th that of the whole body. 


Exp. 

Body weight 

Condition 

Rectal temperature 
Pulse rate per minute 
Respiration rate per minute 
Exp. air c.c. per minute ... 

O. p.o. in exp. air 

O 2 P. 0 . saturation arterial... 
Oa p.o. saturation venous ... 
Minute volume, c.c. 

Depth of respiration 
O 2 p.c. saturation saphenous 
Blood flow c.c. per minute 
Increased blood flow in 
saphenous area x 18 in 
Exp. 16 and x 20 in Exp. 
17 for whole skin area ... 


16 


Room 

41° C. 

temperature 

bath for 3 

36° C. 

41° C. 

165 

252 

28 

240 

325 

915 

15-77 

16-25 

97 

96 

65 

39 

355 

462 

11-6 

4-0 

39 

69 

•518 

3-0 


44-7 c.c. 


17 


— 

3-3 kg. 

Room 

41-40° C, 

temperature 

bath for 30' 

36° C. 

37-5° C. 

174 

200 

34 

246 

414 

nil 

15-36 

16-59 

96 

94 

78 

68 

689 

1026 

12-1 

4-3 

72 

87 

•91 

3-0 


40-2 c.c. 


A single experiment for which I have to thank Surgeon-Conunander 
Farrley, EJI., Major Marshall, E.A.F., and' Capt. Blackmore, 
E.A.M.C., served to establish for the cat the observation made by 
Eichet{8) on the dog, that tachypncea caused by warming the skin is 
not abolished by section of the vagi. The experiment shows that the 
tachypncea is independent of influences passing to the brain from the 
lung, but it does not show whether the altered rhythm is due to warming 
of the centre as in the experiments of Goldstein and of -Gad, who 
obtained tachypncea by heating the blood in the carotids, of to raising 
the temperature of the skin as was supposed to be the case by Eichet. 

Two cats were an^sthetised ■with urethane, in one both vagi were 
cut, in the other they were left intact. Each cat was placed on a warm 
table and ■wrapped in cotton-wool, the rectal temperature was.observed 
and the respirations counted. The cat in which the vagi were cut re- 
sponded more rapidly to temperature but never reached so high a rate 
of respiration as that in which the vagi were uncut. No stress is laid on 
these differences. The foUoiving are the most salient of a large number 
of observations. 

Respirations per minute 

Cat A. Cat B. 

Vagi cut Vagi intact 

25 40 

240 150 

235 390 

— 400 


\ 


\ 


Rectal 

temperature 

36° C. 

39- 3 

40- 4 
42 
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These results do not of course prove that the essential rhythm of 
respiration is central, they could be accounted for on the assumption 
that the centre in the warmed animal responded more readily than 
normally to such afferent influences as remain after the vagi are cut. 

The above experiment presents a striking contrast to the cases of 
rapid shallow respiration investigated fay Dunnc); in these the change 
in the type of respiration was caused bj' treatment of the lung with 
pulmonary irritant gases or by the production of emboli in the pulmonary 
vessels. In Dunn’s eases the rapid type of respiration was abolished 
by section of the vagi and the essential cause was therefore presumably 
peripheral. 

CoNCLDStONS. 

In the cat under urethane a rise of body temperature from about 
36° C, to about 39° C. brings on the following phenomena: (1) very rapid 
and shallow respiration, (2) increased consumption of oxygen, (3) in- 
creased total ventilation, (4) fall in saturation of arterial blood (usually), 

(5) greater fall in saturation of mixed venous blood, (6) increase in 
“coefficient of utilisation,” (7) increased minute- volume of blood for the 
body generally of the order of 20-30 p.c., (8) slight increase in systolic 
output (usually). In the saphenous area there is (9) increase in the 
saturation of the venous blood, (10) increase in the minute-volume 
frequently of the order of GOO p.c. On a very rough computation based 
on the saphenous area, the increased flow in the skin fails to account 
completely for the increased flow in the body as a whole. (II) The 
increase in rapidity of respiration is not a bolished by section of both vagi. 

The general increase in the blood flow is to be linked up mth either 
or both of the following causes: (1) increased metabolism, (2) the in- 
creased action of the respiratory pump, but not merely with the effects 
of warm water on the skin or anoxmmia due to the shallow respiration. 

In conclusion I should like to express my thanks to Prof. Langley 
for granting me the facilities of the laboratory and to Mr J. Barcroft 
for his advice and assistance during the course of the experiments. 
Dr Haldane kindly made some criticisms. 

A part of tho expeaso was borne by the Government Grant Committee of the Koyal 
Society. 
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AN ANALYSIS OP THE PRODUCTION OF HEAT • 
IN CERTAIN MUSCLES OF THE HEDGEHOG. 

Br W. HARTREE^ and B. J. S. McDOWALL. 

{From the Physiological Laboratory, Cambridge.) 

In a previous paper (i) bj one of us, it was shown that certain isolated 
muscles of the hedgehog were capable of surviving for a considerable 
time and of working at lower temperatures than that of the body; 
records were given proving that the processes of contraction and relaxa- 
tion were much slower than in frog’s muscle. It was suggested to us by 
Prof. A. V. Hill that an investigation of the heat-production in these 
muscles would be of value, partly because the hedgehog is a warm- 
blooded animal and all previous experiments on the heat-production of 
muscles have been made on cold-blooded animals, partly because the 
slowness of action of these muscles of the hedgehog would make it less 
difficult to analyse and to follow the true course of the heat-production 
in its initial stages. A series of experiments was made employing the 
usual arrangement of muscle chamber, thermopile and galvanometer (2). 

The muscles used were (according to Huxley’stS} nomenclature) 
(A) the coccygeo-orbicularis, and (B) the humero-dorsalis. Preparation (A) 
has the advantage that it can be dissected out and the bone left attached 
to one end of each of the pair of muscles, and the bone can then he held 
in the clamp, in a manner similar to that in which the pelvic bone is 
held when using a pair of aartorius muscles. Preparation (B) was 
generally used as a single muscle turned round the end bf the thermopile, 
so that it lay on both faces of the latter. The cervico-orbicularis was also 
tried and did not give good results. 

A certain amoimt of damage wms inevutably done in tying a thread 
directly on to the muscle substance, as had to be done at one end of 
each of the pair of muscles in case (A) and at both ends of the single 
muscle in case (B); during the tying a vnolent contraction was always 
produced. The damage so caused may account for the early failure of 
many of the muscles. It was usual to find that the muscle continued to 
give a mechanical response, on stimulation, for many hours after dis- 
section; the tension and heat-production however, were often so small, 
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and tiie stimulus required so great, that often a considerable portion of 
the heat observed was due to the direct heating effect of the stimulating 
current. This direct heating effect of the stimulus was always determined 
when a muscle was dead (on the supposition that the resistances, etc., 
were the same both before and after death) and allowed for, but when the 
allowance was large it naturally diminished the effective size and 
aceuraej’ of the galvanometer deflection obtained, on which the analysis 
of the heat depends. The muscles used were generally four or five times 
the weight of a pair of frog’s sartorii, but this has little effect on the 
size of the galvanometer deflection which more nearly represents a given 
change of temperature than the production of a given quantity of heat. 

It was thought at first that the c.’cposed portions of the muscle, 
especially those portions exposed to the thermopile itself, might be dying 
more rapidly than the internal portions of the muscle, and so might 
affect the apparent time course of the production of heat. It is obvious 
that if the muscle fibres directly in contact with the thermopile were 
dead and the fibres inside the muscle were still alive, the heat would 
always be delayed in its appearance at the thermopile. The records show 
however that a higher proportion of the initial heat than is usual with 
frog’s muscle, is produced immediately on stimulation, so that no 
possible injury of the surface of the muscle by dissection or e.xposure 
can account for the actual phenomena observed, as they necessitate an 
effect in the opposite direction. It was found that the best results were 
obtained by keeping the muscle in ordinary mammalian Ringer’s solution 
until the temperature in the chamber had practically settled down, in 
which case readings could be taken comparatively soon after the solution 
had been removed. 

The size of the tension and heat readings with a given strength of 
.•.timulus varied considerably in different experiments, presumably in 
consequence of a difference in the condition of the muscles. In a few, 
fair sized readings were obtained with a strength of stimulus no greater 
than would have to be used to obtain similar readings with frog’s muscle. 
Most of the e.xperiments were carried out in air. Substitution of oxygen 
for air did not cause any marked difference, except in the recovery heat. 

Various temperatures between 0° C. and 30° C. were tried. The 
temperature of the animal during life is high; in the abdomen soon after 
death it was 33° C. and we had expected that the muscle would survive 
better at 30° C. than at a lower temperature. On the other hand it 
seemed important to use as low a temperature as possible, so as to slow 
down the course of the initial heat production to enable its analysis to 
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be made tbe more accurately. We found, however, after many attempts, 
that good results could not be obtained either at 30° C. or at 0° C. In 
every case in which the muscle survived long enough to give any readings 
at all, the tension or heat in the first observations was small, even with 
a large stimulus. In such cases reliable heat observations were out of the 
question, although tension records could still' be made. We cannot 
explain the failure at 30° C., though the failure at 0° C. is perhaps hardly 
surprising in the case of a warm-blooded animal. Experiments at 20°, 
15° and 10° C. were fairly successful, and the results are given in the 
abstract below. Since, however, the processes in hedgehog’s muscle at 
10° C. are no slower (as one of us has since ascertained) than those in 
toad’s muscle at 0° C., one of the reasons for the present investigation, 
namely that of slowing down the process taking place in the muscle so 
as to follow the course of the initial heat-production, is not of such 
importance as we thought at first. The action of toad’s muscle is con- 
siderably slower than that of frog’s muscle so that a considerable increase 
of accuracy in the analysis of the heat will be possible with toad’s 
muscle, which survives well at 0° C. We consider, however, that the 
results we have obtained with hedgehog’s muscle, do give decisive 
evidence on the other and equally important point, namely the similariiy 
of the process taking place during the contraction of muscles of very 
different animals. Further, this is the first time that an investigation 
of the heat-production of isolated mammalian cross-striated muscle has 
been made. 

Results. In each case only a single shock or a short tetanus of not 
longer than 0-25 sec. (at 90 periods per sec.) was given. It was found 
that there was always a large outburst of heat immediately after the 
stimulus, which was rarely less than 60 p.c., and often as large as 70 p.c. 
of the total initial heat-production. Following this initial outburst was 
an interval, during which the tension of the muscle rises, and in which 
the heat-production is very small or nothing, the duration of this part 
being longer at a lower temperature. Follojving this there is a consider- 
able evolution of heat, more or less following the process of relaxation, 
amounting altogether to some 30 to 40 p.c. of the total initial heat. The 
time relations of this heat-production associated with relaxation are 
shown in Fig. 1. There is no doubt whatever of its existence, or of the 
general type of curve governing its appearance. The rate of heat-pro- 
duction after the interval rises so quickly that it is impossible to assert 
thlt it does not start at its maximum value. The maximum rate of heat- 
production during relaxation is distinctly higher at a higher temperature, 
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and the rate of heat-production falls off much more rapidly at high 
temperatures as is shoivn in the following table. 


Tcrapcrature 
in degrees C. 
10 
15 
20 


Maximum rato 
of subsequent 
H P. m terms 
of total initial 
heat per second 
•12 
•20 
•30 


Approximate 
Approximate time of rate 

time to falling from 

maximum rate, maximum to | 
m secs. maximum in secs 


li 

n 

1 


3 

n 

i 



Fig 1. The tension (broken cur\e) and heat rate (full curve) for single shock at 10’ C. 
The initial outburst of heat occurs yety suddenh and is not shonm in the figure, it 
represents about 0 07 of the total initial heat Follovnng this initial outburst is nn 
interval of rather more than a second, after whiclt the heat nte rises agam, the total 
area of the heat rate curve, if continued till it touches the base line, being about 
0 33 of the total initial ]icat< 


The figure gives a good idea of the slonness at 10° C. of the process 
involved. Unfortunately tension records were not taken in every case. 
Two experiments at 10° C. gave a curve similar to that shown, but it 
must be observed that m most of the other cases m which tension records 
were taken, the tension fell off in relaxation rather more rapidly com- 
pared with the fall of the rate of heat-production. It u ill be seen therefore 
that, m general character, the hedgehog’s muscle behaves in a manner 
exactly similar to the muscle of the frog. There is a large initial outburst 
of heat followed by an interval during vhich the tension rises, or con- 
tinues to rise, and then there is a considerable heat-produotion diir ' 
relaxation amounting to 30 or -10 pc. of the total initial heat Thi-, 
relaxation heat represents presumably, at any rate in part, the potential 
energy dissipated in the muscle during the process of relaxation. 

It was possible to carr}- the analysis of the heat-production beyond 
the initial stages, and to determme the heat-production during the longer 
intervals in which recovery occurs. Some difficultv «as found in ob- 
taimng reliable results, on account of the tune uhieh had to be given 
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after the Binger’s solution was removed and before the galvanometer 
was steady enough to take long records. Frequently the muscle had 
failed before sufficiently reliable records were possible. Three experiments 
however at 20° C. in air (from which the oxygen had been partly used 
during earlier contractions) gave very similar results, the total delayed 
heat being between Offi and 0-7 of the total initial heat, with a maximum 
relative rate of *004 per sec., at about 50 seconds after a tetanus of 
0-25 sec. One experiment only was successful in oxygen, which at 10° C. 
gave a total delayed heat about 1-5 times the initial heat, with a maximum 
relative rate of *0025 per sec. at about 120 secs, after a tetanus of 0-2 sec. 
In this latter case a fairly large allowance had to be made for the heat 
appearing after 5 minutes, recovery being very slow on account of the 
lower temperature. It is seen however that in general the delayed heat 
during the recovery phase is similar, both in amount and in character, 
to that occurring under the same conditions in a frog’s muscle. 

Summary. 

An analysis of the heat-production during and after the contraction 
of the slow-moving isolated muscles of the hedgehog has shown’ that, 
qualitatively and quantitatively, the same phenomena occur as in frog’s 
muscle. There is an initial outburst of heat on stimulation, continued if 
the stimulus be prolonged: an interval at the cessation of stimulation, 
followed by a large and characteristic outburst of heat during relaxation: 
and finally there is a slow, prolonged and considerable evolution of heat 
during recovery. 

The expenses of this research have been borne in part by a grant from the Roya 
Society. 
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THE PART PLAYED BY THE DUCTS IN THE 
PANCREATIC SECRETION. By L K KOROVITSKY 

(From the Phi/sioloyical Laboratori/, XJmicrstty of Odessa ) 

The first object of tbis work was to compare the secretory mnei\atioii 
of the pancreatic gland in the dog with that m tlic cat, an animal hitherto 
very little used for evpenments on pancreatic secretion In view of the 
striking dillereuce between these two animals in respect of the sym 
pathetic secretory fibres of the submavillary gland, the compaiison of 
the pancreatic innervation seemed to be interesting Previous observers 
have shown that the stimulation of the v'agiis does not cause pancreatic 
secretion in all animals, in the rabbit for instance the stimulation of the 
vagus was found to have no cffect(i), pilocarpine does not cause a flow 
of pancreatic juice in the pigeon(3), on the other hand the definite 
secretory effect of the vagus in the case of the dog is well established 
In the cat the innen ation of the pancreatic gland has nev er been studied 
Method The cats received their last meal 1 2 hours before the evperi 
ment The animal was anesthetized with an a ce mivture, both vagi 
were then cut in the neck, a cannula tied in the trachea, the doceiebra* 
tion performed and artificial respiration started Cannule were also 
introduced into the duodenum and into the pancreatic duct A longi 
tudinal incision was made through the pylorus, the mucous membrane 
of the latter was separated from the muscular coat, a strong hgatuie 
passed between the two and tied In this way the stomach was com- 
pletely separated from the duodenum, with the least injury to the 
nerves which run in the muscle coat of the pylorus The panel eitic 
cannula was connected with a narrow glass tubing fixed to a millimetre 
scale The secretion of the pancreatic juice is given in all experiments 
in terms of millimetres of this glass tubing per minute 

The action of the lagns nenes on the -paiirreatic <iecretion Pav lov(3) 
has shown that in the spinal dog the stimulation of the vagi in the neck 
or below the heart in the chest causes a marked secretion of the pan- 
creatic jmee and that this juice is different in properties from the juice 
obtained w ith the aid of hydrochloric acid or secretin The first question 
raised was whether the vagus has a similar action in the cat 
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20 c.c. of 0-4 p,c. HC! were injected in the duodenum of the eat at 
the beginning of each experiment; this was done in order to verify the 
correct position of the pancreatic cannula, and the absence of kinks of 
the duct. When the secretion had completely stopped the vagus was 
stimulated either in the neck or in the chest above the diaphragm; a 
faradic current rh 3 i;hmicaliy broken by a beating metronome was used 
for the stimulation. Nine experiments were performed and in none was 
there observed any secretion of the pancreatic juice. Increase in the 
strength of the stimulus did not alter the fact. It seemed from these 
experiments that in the cat the secretory fibres are either absent or that 
their action is entirely different from that in the dog. 

Pavlov(3), Popielsky{4), Mett(6) and Koudrevetsky(6) state 
that in the dog the vagus contains both secretory and inhibitory fibres. 
According to these observers the pancreatic secretion begins only after 
a long latent period and can be temporarily stopped by successive 
stimulation of the vagus. Their explanation of the long latent period is 
that the inhibitory fibres of the vagus have first to be tired out by a 
prolonged or repeated stimulation, and that then only can the secretory- 
fibres produce an obvious effect. The absence of the secretion in the 
cat might have been dtie to the stronger action of the inhibitory fibres 
of the vagi over that of the secretory. It -was hoped that if this was the 
real cause of the negative results, a prolonged stimulation of the vagi 
would tire out the inhibitory fibres and a secretion would be obtained. 
But stimulations which were continued for over 2-3 hours proved as 
ineffective as the short ones. Section of the vagus five days before the 
experiment gave no sign of selective degeneration of inhibitory fibres, 
for no secretion could be obtained by vagus stimulation. 

T/ie action of 'pilocarjnne. The augmented secretion. Intravenous in- 
jection of pilocarpine causes in the dog a flow of pancreatic juice, but 
in the cat it has either only a very small effect or generally none at all. 
■Repeated injections of 1-2 mgms. of pilocarpine were -tried in 15 experi- 
ments without any definite effect on the pancreatic secretion. One rather 
curious fact was, however, noticed. As previously stated 20 c.c. or 
0-4 p.c. HCl were injected into the duodenum at the beginning of each 
experiment; the secretion was measured and pilocarpine was injected 
only after its complete ce.ssation. The absence of secretion after an in- 
jection of pilocarpine was unexpected and in order to make sure that 
this is not due to an occlusion of the duct a further 20 c.c. of the acid 
were injected into the duodenum. The second injection of the acid 
caused a pancreatic secretion very much larger than the first. This 
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experiment n as repeated on many animals and it was invariably found 
that an injection of acid into the duodenum causes a larger and some 
times an enormous secretion after a preliminary intravenous injection 
of pilocarpine or after a prolonged stimulation of the vagus 




Fig 1 a and b Secretion in tmllimetros of tbe glass tubuig recorded each two mins At A 
20 C.C of 0 4 p c HCl were injected m the daodenum — total secretion 20 mm From 
B to £7=2 hours 40 nuns rhythmic stimulation of tlie vagus m the neck — no secretion 
At £7 a second injection of the same amount of acid m the duodenum — total secretion 
278 mm 



Fig 2 Secretion recorded cverj 2 nuns At 4 20 c c of 0 4 p c HCl was injected m 
the duodenum — total secretion 90 mm at B £7 and D — intravenous injections of 
1-2 mgms of pilocarpine, at B a second injection of the acid — total secretion 274 mm 
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and squeezing out of the juice which still remained in the gland. No 
further secretion was observed during the whole of the stimulation. 



Fig. 3. Secretion recorded each 2 mins. At A, B, C and B injections of 20 c.c. of 0-4 p.c. 

HCl in the duodenum. The dotted line across the figure shows the time when the 

vagus nerve was stimulated. The nerve was stimulated in the neck, by a rhythmically 

broken Faradic current (coil 15-ll'6cm.), three minutes on, one minute off. 

A second injection of the same amount of acid was made during the 
stimulation of the vagus; it did not cause a secretion either. Evidently 
the ducts were constricted to such an extent that the juice had no 
chance of escaping into the cannula. The stimulation of the vagus was 
then stopped and a third injection of the acid made. It now caused a 
free secretion of the juice in a much larger amount than before. Stimu- 
lations of the vagus produced each time a diminution of the outflow of 
the juice. A fourth injection of acid was made during a stimulation of 
the vagus. It did not cause secretion, but 20 minutes after the injection 
when the stimulation was stopped, the juice began to flow. Apparently 
the constriction of the duct had disappeared and the accumulated juice 
had now a free outflow. 

Experhnents ivith ferjused pancreatic ducts. The animals were pre- 
pared in the same way as described above. Two cannulas were tied in 
the pancreatic duct instead of one. One cannula was introduced in the 
usual place near the entry of the duct in the duodenum. The other 
cannula was introduced near the tail (splenic) end of the gland; a small 
portion of the duct being dissected with a blunt instrument; in the 
first experiments the duct was generally injected wdth Indian ink 
to make it more visible, this was, however, abandoned in further 
experiments. The “tail” cannula was then connected wdth a Marriottc s 
flask filled with a 0-3 p.c. solution of-NaHCOg, with some addition of 
gum-arabic; a water-manometer w’as connected by means of a T-piece 
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to record the pressure; the perfusion fluid was warmed to body tem- 
perature. The outflow of the fluid from the pancreatic duct was re- 
corded in the same way as the pancreatic secretion in tlie previous 
e.xperimcnts. 

In a dead am'mal the rate of the perfusion through the duct is very 
uniform and depends only on the pressure of the perfusion fluid. In on 
animal which is alive the ducts have a certain changeable tone of their 
own and the perfusion is not so regular. Stimulations of the vagus, 
intravenous injections of pilocarpine (1-2 mgs.) or small additions of 
pilocarpine to the perfusion fluid invariably cause a strong spasmodic 
constriction of the ducts ns judged by the diminution or complete arrest 
of the outflow. At a pressure of 2-6 cm. of the perfusion fluid the con- 
strietion is strong enough to cause an arrest of the flow; at a pressure of 
8-10 cm. there is only a more or less definite slowing. On some occa- 
sions, however, after repeated injections of pilocarpine the constriction 
of the ducts is so strong that the pressure has to be raised to 16 cm. to 
get a flow. Large doses of atropine paralyse the constriction mechanism 
of the ducts ; the ducts dilate and the flow of the perfusion fluid increases. 
Intravenous injections of large doses of atropine (o-lO mgs.) or addition 
of atropine to the perfusion fluid abolishes also the constriction effect of 
pilocarpine (Figs. 4 and 6). 



Fig. 4. Perfusion of the pancreatic ducts. The pressure of the perfusion fluid =6 cm. 
Outflow records every minute. Intravenous injections of 1 mg. of pilocarpine were 
made at places marked P, Intravenous injections of 10 mgs. of atropine — at places 
marked A, 



ON THE CHANGE IN THE NATURE OF THE BLOOD 
SUGAR OF- DIABETICS. CAUSED BY INSULIN. 

By W. DEVEEEUX FOREEST, M.D., W. SMITH 
L. B. WINTER. 

{From the Biochemical Laboratory, Cambridge, the Department of Physiology, 
University of Durham, and the Royal Victoria Infirmary, Newcastle-on- 
Tyne.) 

In a recent paper (i) it was shown that the normal blood sugar in man 
and animals has a lower rotatory power than would be given by the 
a-jS equilibrium form of glucose as deduced from the copper reduction 
value. The sugar gives an osazone with the same crystalline forrn and 
melting point as that of glucosazone. The instability of the sugar is shown 
by its transient rotatory power, the curve of the polarimeter readings 
reaching the copper reduction value in three to four days in acid solution. 
The sugar at first decolourises potassium permanganate more rapidly than 
a solution of a-jS glucose m similar concentration. This distinction no 
longer obtains when the polarimeter reading corresponds with that of 
a-p glucose. These facts, in conjunction with the work of Hewitt and 
Pryde(2) on sugar solutions introduced into the intestine, suggest that 
normal blood sugar is y glucose. That ingested glucose or fructose is 
rapidly converted into normal blood sugar was shown by feeding expen- 
ments on normal persons. After 100 to 150 g. of glucose or fructose no 
alteration in the nature of the blood sugar could be detected. 

In cases of diabetes meUitus it was shown that this sugar is not present 
in amounts capable of detection by the method employed. The polan- 
meter reading in these cases is initially greater than the copper reduction 
value. This suggests that besides a-jS glucose, disaccharides, or other 
substances with a polarimeter copper reduction ratio greater than that 
of a-jS glucose are present in the blood of diabetic persons. It was 
suggested that a-j3 glucose cannot be directly stored or utilised, but that 
an enzyme is responsible for the conversion of c-j3 glucose into y glucose. 
The absence or inactivation of this enzyme was suggested as the direct 
cause of diabetes mellitus. 

Macleod and his co-workers(3) have recently shown that injection 
of “insulin” into depancreatised dogs causes a decrease in the blood 
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sugnr. Doterminations of the respiratory quotient showed that sugar 
was being utilised as long as the administration of insulin was maintained. 
Similar results were obtained by the injection of insulin into persons 
suffering from diabetes mellitus. It was suggested that the effect of the 
insulin is to activate the enzyme responsible for the conversion of a-(i 
glucose -r y glucose, and that if this view is correct, examination of the 
blood sugar of diabetics after injection of insulin shoidd show that the 
nature of the sugar approximates to that of normal perEons(i). 

Some experiments which two of us(5) have performed with tissue 
extracts and glucose or fructose in vitro indicate that there arc two factors 
concerned in the formation of normal blood sugar. These factors appear 
to be situated in the liver and pancreas. Solutions of glucose or fructose 
when incubated at 37° C. with very .small amounts of insulin and liver 
extract in a jacheted polarimetcr tube have their rotations altered in a 
downward and upward direction respectively. The copper reducing 
power of the sugar solution at the beginning and end of the reaction was- 
unaltered. The reaction is therefore different from that described by 
Levene and Mayer(C) in coimcction with muscle and pancreas extracts, 
in which the copper reducing'power was lowered. Boiled liver is inaotiv'e, 
whereas insulin is thermostable in this respect. Neither factor alone is 
capable of causing an appreciable alteration in the rotatory power of the 
sugar. 

While it is probable that dcpancreatised animals will always be 
benefited by injections of insulin, in true diabetes, os in man, it is possible 
that the liver or pancreas, or both, may be impaired. The i)ossible 
bearing of these facts will be discussed later. 

On the view that sugar can only be utilised after conversion into a 
reactive form, presumably small amounts of y glucose must exist in the 
blood of diabetics. This could not be demonstrated owng to the large 
amount of dextro-rotatory sugars present. The lowering of the blood 
sugar of diabetics caused by injections of insulin is probably due to a 
change in the equilibrium between a-/8 and y glucose in the blood tending 
to increased formation of glucose whicli can then be stored or utilised. 
We have made some observations to determine how far this reactive 
form of glucose can be detected in diabetic blood after injections of 
insulin. 

Preparation. Insulin was prepared by Collip’s(T) method (w’e wish 
to thank Drs H. H. Dale and H. W. Dudley for permission to use some 
improvements in the method which they have recently devised). Owing 
to the difficulty of obtaining sufficient pancreas of any one animal, those 
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p^e^’iously found, tlie curv’e of polarimeter readings in the cases before 
insubn tended, if anything, to fall; after insulin injections the curve rose 
definitely in three cases. 

The amount of normal blood sugar was not so great as to show a 
decrease in the rate of decolourisation of potassium permanganate day 
by day. A shght difference in the rate of decolourisation by the final 
filtrate as compared -with that brought about by a glucose solution of 
equal concentration is of no importance, since it is well known that salts, 
especially phosphates, accelerate the oxidation of glucose. It was oving 
to the difference in the rate of decolourisation day by day that it was 
suggested that the normal blood sugar is of a reactive type. It is only 
when a considerable amount of sugar of a reactive nature is present, as 
in normal persons, that this difference can be rehably demonstrated. It 
is probable that after a longer course of insulin injections the ratio 
polarimeter to copper reduction would approach the normal; our object 
has merely been to show that even after two or three injections of insulin 
the nature of the blood sugar has undergone a change. The differences 
in the cur\'es of polarimeter readings before and after insulin may be 
seen in Fig. 1. Blood sugar curves after injection of insulin are shown in 
Fig. 2. After the administration of insulin the glycosuria disappeared 
and did not return for some hours. 



se 1. After insulin. HI. L. B, W. (normal). (The cun'es are scaled to a common 
value ) 


of these cases a general 
On admission fatl 


-.f 


diet had 
^te and 
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protein reduced to 10 grams of each per day; this was continued until 
the patient was sugar free, usually four days after admission. The diet 



Fig. 3. Currea of blood sugar values after insulin. Insulin was given at I. Case 3. 
II. Case 0 (seo Appendix). 


was then gradually built up, still containing very little fat, until the 
tolerance limit was reached, as evidenced by the excretion of sugar. The 
diet was then again reduced until the patient became sugar free, the fat 
was then increased until the requisite calorie value was reached. In a 
previous paper(l) the samples of blood obtained from diabetic persons 
were all from severe cases before treatment. In the present work our 
results would tend to show that treatment by diet influences only the 
quantity and not the nature of the blood sugar. (Details are given in the 
Appendix.) 

Discussion. 

Since insulin reduces the blood sugar of normal animals it seems 
feasible to conclude that the normal blood sugar is a mixture of o-)3 and 
y glucose in a certain equilibrium. It has been shown that insulin and 
liver extract in vitro cause an alteration of the rotatory powers of glucose 
and fructose without a corresponding alteration of the copper reducing 
power. A possible explanation of the action of insulin is that it causes a 
shifting of the equilibrium in the direction of increased y glucose forma- 
tion. The increased amount of y glucose available is then stored or utilised. 
The increased utilisation of sugar by the diabetic after injection of 
insulin may be put down to the increased formation of y glucose. The 
difference in the ratio polarimeter to copper reduction of the sugars of 
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diabetic blood -wbicb we have found after insulin is in support of this 
view. 

The severity of diabetes is probably inversely proportional to the 
amount of y glucose which the body is capable of forming. The failure 
to form the normal amount of gtycogen in the liver, coupled with the 
inability to burn fat may be due to the lack of adequate supplies of a 
reactive type of sugar, and consequent failure to accomplish the “gluco- 
sidic union” of Ringer(iO). 

When excessive amounts of insulin are administered the lowering 
of the blood sugar may take place to an excessive degree. One case 
(No. 6) which received insulin in the evening, and on the following 
morning at 8 a.m., showed symptoms of a reaction: at 11 a.m. the 
patient complained of faintness and tingling in the fingers. Sugar was 
at once administered by the mouth, and relief was almost immediately 
experienced. 

Another case (No. ,5) felt no benefit from the insulin, administered, 
the third injection given without food only reduced the blood sugar to 
•112 p.c. The curve of polarimeter readings of the sample obtained after 
insulin remained throughout above the copper value. The blood sugar 
before insulin was found to be abnormally high by both methods. It is 
possible that there may have been some derangement of the liver mechan- 
ism with the result that in spite of excess of insulin in the blood an 
appreciable amount of y glucose was unable to be formed. Whether a 
definite improvement would result from continued treatment with 
insulin we were unable to determine, but this case definitely showed that 
impairment of some other function was associated with partial lack of 
the pancreatic factor. 

That a continual supply of insulin is necessary for the working of the 
enzyme is shown by the fact that the blood sugar invariably rose between 
the insulin injections. When the effect of the insulin wears off, y glucose 
which can be readily stored or utilised, is no longer formed in appreciable 
quantity and the bulk of the sugar circulating in the blood can now no 
longer be removed, with the result that the quantity rises up to the leak- 
point of the kidneys. 

We are much indebted to Drs T. Beattie, Horsley Drummond, 
W. E. Hume, and A. Parkin for permission to make use of their oases. 
We wish to e-xpress our deep gratitude to Mr W. P. T. Watts, M.B., for 
performing some of the estimations by Maclean’s method. Without 
his assistance this work could not have been efficiently carried out. .We 



INSULIN AND DIABETES 


2-il 

offer our grateful tlinnlvS to Piofessors F G Hopkins aud D Burns 
for tJie interest they ha\c taken in this work, iiid foi facilities jilaced 
at our disposal 

The expenses of this rcstirch wore in pirt home b\ pnnts nimle b\ the btientific 
and IndiistrnI Res> sreh Boird (to \V S) and In tli( ^^edltnl Re^’canh Council (to 
U E AV ) 

SUMMAR\ 

1 Prenous obsenations on diabetic cases arc confirmed The blood 
sugar of diabetics differs from that of noimal persons as regards the 
ratio copper reducing polanmetnc \aluc 

2 In diabetics the decreased amount of blood sugar caused by m 
sections of insulin contains a greater proportion of normal blood «ugai 
as sho\\n by the alteration m the ratio copper reducing polanmetnc 
value 


REFFRENC Lb 

(1) A\ inter and Smith ThisJoum >7 p JOO 19.22 

(2) He\> itt and Pryde Biocli Joum 14 p 395 1920 

(3) Maclood and others Proc Ro\ Soe Canada 1922 

(4) AVmter and Smith Brit Alcd Joum 1923, p 12 

(5) AVintor and Smith Proc Phjsiol Soc p xxxi This Toum 77 1022 
(G) Lc\ ene and Alftj cr Joiim Biol Chem 9 p 07 1911 

( 7 ) ColJip Proc Ro\ Soc Canada 1922 

(8) Alaclcan Biocli Joum 13 p 137 1919 

(9) Folin and A\ II Joum Biol Cliem 3$ p 81 1919 

(10) Ringer Ihid 17 p 107 1914 



232 W. D. FORREST, W. SMITH AND L. B. WINTER, 


Appendicc. 



Blood 

Sugar 


Blood Sugar 


sugar 

in urine 


sugar 

in urine 

Case I 

p.c. 

p.c. 

Case 3 


p.c. 

p.c. 

Jan. 30 10.30 53 c.c. blood 

-242 



Jan. 31 

10.30 50 c.c. blood 

•275 


Jan. 31 H.30 

-194 

■> 

Feb. 1 

11.00 

•210 


11.45 2J c.c. insulin — 

— 


11.10 24 c.c. insulin 



*5 

3.00 

•081 

nil 


1.15 

•088 

nil 

5.20 

•125 



4.30 

•0S4 


8.00 

•140 

— 


7.00 

•125 



Feb. 1 ■ 8.00 a.m. 

— 

trace 

Feb. 2 

9.30 

■m 

nil 

10.15 

•118 

— 


10.00 24 c.c. insulin 

— 


11,30 85 c.c. blood 


— 


12.10 

•112 

nil 

12.30 

•112 

nil 


■ 4.00 

•159 

tr 

4.00 

•118 

— 

1 

7.00 

-163 

ff 

0.45 

•130 

nil 

Feb. 3 

8.00 24 c.c. insulin 

— 

M 





11.00 115 C.C. blood 

•074 






2.30 

•123 

nil 





6.00 

•150 


Polariinetrio 

Copper 


Polarinietrio 

Copper 

readings on 

reducing 


readings on 

reducing 

successive daj's 

value 


successive days 

value 

R. 


R. 


R. 


E. 

Before insulin *15, •12, • 

U, -10 

•09 

Before insulin -15, -15, '14, 

•13 

•06 

After insulin -Oo, -08, ■ 

06 

•00 

After insulin -09, -09, -11, 

•21 

•10 

Case 2 


1 

Case 4 




Jan. 30 10.30 25 c,c. blood 

•144 


Jan. 31 

10.45 55 c.c. blood 

■312 

~ 

Jan. 31 11.30 

•200 

•17 

Feb. 1 

10.15 

■190 

•72 

11.45 21 c.c. insulin — 




10.30 24 c.c. insulin 

— 

— 

2.00 

•150 

•38 


1.00 

•081 

nil 

5.30 

•178 

trace 


4.00 

•075 

tt ‘ 

0.00 

•162 

— 


6.30 

•100 

»» 

Feb. 1 8.00 a.ra. 



•21 

Feb, 2 

8.00 24 c.c. insulin 

— 

V 

10.30 

•112 




10.10 92 c.c. blood 

■062 


1.00 

•137 

trace 


12.30 

-131 

— 

4.30 

•088 

nil 


2,00 

— 

nil 

7.00 

•131 




3.35 

■125 


Feb. 2 8.00 21 c.c. insulin — 




7.00 

— 

trace 

10.30 50 c.c. blood 

•094 

nil i 





1.10 

•112 


Before insulin -17, -18, -17, 

-16 

'14 

4.00 

•200 


After insulin -lO, -12, -11, 

•12 

‘It 

5.00 

— 

'62 





8.00 

— 






Before insulin -OS, -OS. 

•08, -09 

'05 





After insulin -05. -07, 

•08, -07 

'05 
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Blood 

Sugar 





sugar 

in itrmo 

Case 5 



pc 

pc 

Fel) 

1 

10 30 43 c c 

blood 

437 

> 

Feb 

y 

9 30 


312 

26 



9 452400 

insulin 

— 

— 



12 13 


275 

25 



4 30 


181 

80 



0 40 


240 

2 2 

Feb 

4 

12 00 


277 

O 



12 30 21 CO 

insulin 

— 

— 



2 43 


143 

1 c 



C 15 


204 

nil 

Ttb 

5 

7 00 24 CO 

insulin 



trace 



10 15 67 c c 

blood 

112 

ml 



2 30 


144 




8 00 


180 

trace 


Polanmotnc Copper 

readings on reduong 

successive days \nIuo 

R R 

Before insulin 22* 21, 23, 22 10 

After insulin 07, 08, 07 03 


Blood Sugar 




sugar 

in urmo 

Case 6 


pc 

pc 

Jan 30 

10 30 

210 




10 40 24 c c insulin 

— 

— 


12 50 

158 

— 


3 00 

114 

ni! 


5 15 

17 

„ 


8 53 

221 

— 

Jan 31 

11 10 

203 

57 


11 15 24 c c insulin 


— 


1 30 

10 

ml 


5 00 

151 

,, 


8 00 

176 

— 

Feb 2 

8 00 jj m 




21 c c insulin 

_ 

42 

Feb 3 

8 00 a m 




24 cc msulm 



3 


U 30 40 c c blood 

059 

— 


11 35 20 g cano 




sugar 

— 

— 


12 45 18 g carbo 




ludrnfo 

— 

ml 


2 13 

120 

— 


0 13 

171 

Dll 

Feb 4 

n 30 

184 


Feb 3 

10 30 70 c c blood 

22 



Polannictnc 

Copper 


rcadmgs 

on 

reducing 


Buccessuo days 

value 


R 


B 

Before 

msulm 12, 12 11 

. 11 

10 

After msulm 04 


05 



Polanmetnc 

Copper 

Blood 

readings on 

reducing 

sugar 

successive daj b 

value 

pc 

pc 

pc 

29 

13, 11, 11, 10 

06 


Case 7 
40 c c blood 
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Table I. Blood sugar in mg, per 100 c.c, after intravenous and subcutaneous 

injections of insulin. 


JnUin! b!oocS-si>g.sr V Hr. 1 Hr. 2 Hrs. 5 Urs. 



Intr.i- 

Sub- 

Ijitra- 


Intra- 

S«b- 

Infra' 

f7Ub- 

Intra- 

'^li- 

Xft. 

vun. 

ctU. 

von. 

cut. 

VCIl. 

cut. 

ven. 

cut. 

vcn. 

eu t. 

1, 1 « 

122 

121 

42 

51 

41 

16* 

60 

30 



- . 

2,2rt 

133 

120 

43 

71 

18* 

21* 



12 



— 

S, 3 a 

110 

123 

01 

79 

34 

58 

26* 

38 



40 

4,4 a 

113 

111 

69 

84 

04 

84 

48 

70 

63 

65 

S, 5 a 

175 

185 

100 

112 

82 

87 

100 

78 

120 

78 

S, 6 a 

130 

190 

60 

80 

60 

80 

79 

87 

126 

83 


* Convulsions about this time. , 
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Fig. 1. See text. 


Wifeh tlie exception of 6, 6 a the initial percentages of blood sugar 
of each, contrasted pair of animals, are sufficiently close together to 
permit of our taking the percentages found at the various periods 
following injection as safe indices of the ejffect of insulin. It vdll be seen 
that the fall in blood sugar in one half-hour was greater in the intra- 
venously injected animals in all the experiments. After one hour the 
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values were markedly lower in both animals of three pairs (2, 3 and u). 
In three pairs (3, i and G) the intravenous was well below the sub- 
cutaneous, they were practically tho same in one (5) and the subcutaneous 
was below the intravenous in another (1). In the subsequent behaviour 
the curves of each pair either ran very nuich alike (2, 2 a, 3, 3 a, 4, 4 a, 
6, 6a), or the curve for intravenous injection rose more rapidly (1, la, 
5, Da). The general conclusion which may be drawn is that there is no 
significant difference between the effects of subcutaneous and intravenous 
injection of insuhn except that the fall in blood sugar during the first 
half-hour and the subsequent recovery may be somewhat more rapid 
follovung the latter method. Tho insulin used in these experiments was 
prepared from the pancreas of the skate, and it did not give any of the 
colour reactions for protein (biuret, Millon; .xanthoproteic, Hopkins- 
Cole). It is possible that with less pure preparations containing traces 
of protein, the effects by subcutaneous injection might be more definitely 
prolonged than by intravenous. 

Comparison of the effects of suheutaneovs injection of insulin into U'cUfed 
animals and into others in which the glycogen stores were reduced to a 
minimum by phloridzin and epinephrin. 

The results of throe experiments of this category are given in Fig. 2, 
in which comparison is made between rabbits with practically no gly- 
cogen in the liver and others with abundance of this material. The dose 
of.insulin per kilo body weight was the same in each pair of animals. It 
is plain that glycogen-rich animals withstand insulin much better than 
glycogen-poor, both when' judged by the behaviour of the blood sugar 
curves and the incidence of con^mlsions. 

The experiments are arranged in pairs m the order from above down- 
wards of the strength of the dose of insulin given, as judged from the 
behaviour of the curves. In No. I, which shows the effects of a strong 
dose, convulsions (C) occurred in both animals, but these appeared an 
hour earlier in the starved than in the fed animal, and the blood sugar 
was decidedly below the -045 level when they were observed to occur. 
It was also noted in this and other experiments that the behaviour of 
the animals between the convulsive seizures was quite different according 
to whether they were fed or starved. The starved animals lay in a more 
or less unconscious condition and became progressively weaker and 
weaker with increasing coma, while the fed animals usually recovered 
remarkably and often were able to hop about in a tolerably normal 
manner between the convulsive seizures. The ultimate behaviour was 
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C. Starved 3 days plus 

A. Starved 1 B. Starved 1 day Phloridzin and Adrenalin 

0-6 c.c. Insulin 0-3 c.c. Insulin per kilo 0-3 c.c. Insulin 


60 IZO 180 60 120180 60 130 180 3.40300 360 430 60 130 60 130180 



Ta s 1 3 / 3. i ^ -a 


Fig. 3. Blood sugar curves' following the intravenous injection of insulin in amounts per 
kilo body weight indicated at the top of each group of observations A, B and C. 
g indicates the percentage of glycogen found present in the liver. Abscissae— hours 
after injection. Ordinates — mg. sugar per 100 c.c. blood. 
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The explanation may ho that the cell changes which are immediately 
responsible for the occurrence of the convulsions and which are the 
result of a lowering of the amount of glucose dissolved in the tissue fluids 
(tension of glucose) have not had time to become established. As pointed 
out by Barony in a recent demonstration before the American Physio- 
logical Society the convulsions produced by insulin are an exaggerated 
form of those which are produced in normal animals by turning, and 
must therefore indicate changes in the labyrinthine .mechanism. The 
exact nature of the change which is responsible for the irritation of this 
mechanism remains to be investigated; all we can state at present is 
that it is apparently related to the decrease in the percentage of glucose 
in the blood and it is possible that when this occurs rapidly, as in the 
experiments of the present group, it reaches a lower level before toxic 
substances, which are normally prevented from accumulating because 
of the presence of a certain intracellular “tension” of glucose, become 
developed. So far it has not been possible to detect any lesions in the 
central nervous system by post mortem examination. In every one of 
the animals of this group subcutaneous administration of 4 gm. glucose 
was followed by rapid recovery from convulsions, and the animals were 
returned to the pens. 

In- Group B the curves show the blood sugar in rabbits starved 
during one day and then injected intravenously with half the dose of 
insulin given those of Column I (viz. -3 c.c. per kg.). The difference 
between the results of A and B is mainly with regard to the incidence 
of commhions. In only two cases of the latter group were these observed 
and they were of a mild form in contrast to those of Group A. The onset 
of these symptoms was also delayed. With this exception, however, 
there is no contrast in the immediate results following injection of -3 
and of -6 c.c. of the same preparation of insulin, which would indicate 
that so far as the initial rate of decline of blood sugar is concerned a 
moderate dose has the same efiect as on excessive one. The point of 
distinction between the moderate and excessive doses is more particularly 
ivith regard to the duration of their action. In the observations of Group 
A the sugar continued to decline up to the second hour after giving 
insulin, w'hereas in those of Group B it had usually begun to rise per- 
ceptibly by this time. 

In Group C the efIect of -3 c.c. insulin-is shown in animals after more 
complete removal of the glycogen stores by the use of phloridzin and 
adrenalin. Compared with the results on animals that were merely 
starved (B) the main difference seems to be ivith regard to mortality 
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(not indicated in tie curves). Fire of the seven animals died, four of 
them within two hours of giving the insulin. The remaining two, however, 
showed complete recovery, the blood sugar returning to *143 p.c. in 
428 minutes in one of the animals, and to *086 p.c. in 440 minutes in the 
other. Since there were only traces of glycogen in the livers of these 
animals the mobilized sugar was presumably derived from protein. 

Tvm facts of importance in connection with the physiological assay 
of insulin are brought to light by these experiments, namely that neither 
the incidence of convulsions nor the percentage of blood sugar can be 
depended upon. With regard to the latter it is to be noted that although 
the same doses of insulin per kilo body weight were injected the extent 
of the falls in blood sugar were not rmiform even when animals of 
exactly the same weight were used. In a general way it is true in each 
of the groups that the fall was less in the heavier animals, but there is 
obviously no definite relationship between body weight and susceptibility 
to insulin. 

Comparison of the initial fall and the rate of recovery of hlood sugar 

after injecting insulin intravenously into starved and well-fed rabbits. 

The observations recorded in the preceding part of this paper led ns 
to consider that it would be of value to repeat those of intravenous 
injection under more strictly controlled conditions and wth more fre- 
quent measurement of blood sugar, partly in order to determine the 
degree of accuracy that might be attained in the physiological assay of 
insulin by measurements of the blood sugar and partly to throw some 
light on the nature of the factors involved in the decline and subsequent 
recovery in blood sugar. Three groups of experiments were performed 
and the results are shown in Figs. 4, 5 and 6. In each of the first two 
groups, varying doses of insuHn were given to fed or moderately stan'ed 
animals and in the third, equal doses were given to animals that were 
either fed on a large excess of carbohydrate or were rendered glycogen- 
free by injections of epinephrin. The insulin used for each group of 
experiments was different hut it was the same for the different observa- 
tions of each group. 

The curves of Fig. 4 show the behaviour of the blood sugar in fifteen 
rabbits that were allowed food (oats and hay) up to the time insulin 
was injected in varying amounts which are indicated at the end of the 
\ curves by figure., giving the c.c. per kilo body injected in each case . 

S The letters after the figures are for reference to the notes and the figures along the 
es give the body Treights in kilograms. 
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The most outstanding feature of tlic results is that the fall in blood sugar 
is practically the same in all cases during the first 30 minutes of the 



Fig 4 Seo text The weghts of the animals are pi\en by the figures part way along the 
curves Abscissae — minutes after injection of insulin Ordmates — mg sugar per 
100 c c blood 

observations. Indeed there are only three notable exceptions to this, 
VIZ with a dose of *5 c.c. and the tw o observations of with 1*5 c.c. 
each. It -will further be seen that m most cases the lowest level was 
also attained at this time and that the recovery which followed was 
markedly irregular, so that m 60 and 90 minutes after the injections, 
the curves are spread over a much wider range than after 30 minutes. 
The parallelism of the curves for the first half-hour shows quite plainly 
that there can be no relation between the dose of insuhn and the per- 
centage of blood sugar at this stage, but if we assume that the rate of 
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recovery is dependent in part at least on the amount of insulin given, 
it becomes important to see whether the levels at 60 or 90 minutes 
might bear a satisfactory relation to the dosage. This is done in Table 
III, in which the values in 60 and 90 minutes are subtracted from those 
of the initial blood sugar and then calculated as a percentage of the 
latter. It is clear that no satisfactory relation exists between dosage of 
insulin and blood sugar in recently-fed animals. 

Observations on animals starved for 24 hours are shown in Fig. 5. 



the animals. Abscissae — minutes after injection of insulin. Ordinates — ^mg. sugar 
per 100 c.c. blood. 

The insulin was used in doses varying from *25 c.c. per kilo to 2 c.c., 
the last-mentioned dose being sufficient to cause convulsions in certain 
of tbe animals. It will be seen that the initial falls in blood sugar, as in 
the previous group, are similar for the varying doses administered the 
minima being reached a little later than in the fed animals. Companson 
of the extent of the fall in the blood sugar is made in Table IV 
60 and 90 and 120 minutes, and it is evident that although the relation 
between dosage and the blood sugar Values is somewhat closer than in 
the observations on fed animals it is not sufficiently close to he usefu 
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as an accurate method of assay. It is also evidenfthat there is no close 
relation between the size of the animal and the effect of insidin, when 
the dosage per kilo body weight is the same. 

The most important feature which the curves of the two groups of 
observations bring to light is the difference in the rate of recovery of 
the blood sugar, this being decidedly slower in the starved animals than 
in the well-fed. Although a different preparation of insulin was used for 
the experiments of these two groups, there was very little difference in 
its strength. 

Since the rate of recovery must depend partly on the strengtli of 
insulin and partly on the abihty of the organism to compensate for the 
hypoglycaemia the observations shown in Fig. 6 were performed. In 



Fi". 0. See text. Ab.scissae — minutc.s after injectinn of insulin. 
Ordinates — ing. sugar per 100 c.c. blood. 


these the same doses, (per kilo body weight) of insulin were injected 
intravenously into rabbits some of which were fed with oats and sugar 
so as to cause much glycogen to be deposited and some were staiwed for 
three days and given epinephrin frequently so as to make them glycogen- 
free. Tlie six curves in the continuous hues give the results in the 
glvOqgen-free rabbits and the six curves in the broken lines those in 
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^ glycogen rich lahbits^ The percentages of glycogen are indicated on 
each curve It vnll be ^een that the recovery in blood sugai set in after 
SO minutes in four of the glycogemricli animals, whereas in all of the 
gl} cogen free rabbits thcie was reco\er^ tn one case only and this was 
much dela}ed The failiiie of the non gh'cogenic animals to show re 
co\er\ within the time of the obsGr\ntion indicates probably that a 
much larger dose of insulin had been given than in the case of the 
observations of Fig 3, B, and the sigiuficanco of this will be discussed 
immediately If we were to take composites of all the curves for the fed 
and the starved animals respectively, it is clear that they would show 
\ that mobih7ation of sugar from tlic gly cogen stores is an important factor 
^ in the recovery process Since all the animals of each group weie in 
approximately the same condition with regard to glycogen content it is 
evident that no accurate method of assay can be based on a determina- 
tion of the blood sugar at an) period of the ciirv es, thus confirming our 
previous conclusion Convulsions occurred in three of the starved 
animals, m one of them in 50 minutes, in another in 90 minutes, and in 
the third in 225 minutes One of the animals died in 1 hour after the 
injection, and another in 2 hours and 10 minutes The time of incidence 
of convulsions is therefore no accurate measure of the dose of insulin 

Discussion 

The features of the results of these experiments that stand out most 
prommeiitlv are the immediate onset in the decline in blood sugar, its 
practical constancy dunng the half hour following the injection of 
insulin, and the vanability both in the time of onset and in the rate of 
recovery which afterwards occurs The rate of the initial fall is inde 
pendent of the nutritional condition of the animal and, within very wide 
limits, the dose of insulin has no constant influence on it The prompt 
nature of this fall might seem to indicate that the Iiypoglycicmia must 
depend on something occuriing in the blood itself, either an acecleiation 
of blood glycolysis or a pol) merizatxon of sugar to glycogen With regaid 
to blood gl}colysis, one of us working v\ith G S Eadie has been unable 
to find that insulin has any influence on the rate of gl) colysis m sterile 
incubated defibnnated or oxalate blood, or in mixtures of blood and 
expressed muscle juice Neither have v\e found that the heating of blood 
or of protein free filtrates of it taken from rabbits when the hypogly 

^ Some of the pxjjonmcnts m this f^ms r»f runes Mei’e nko used in the curves 
of Fig \ 
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Coemia is most pronounced causes any greater increase in reducing power 
than occurs under the same conditions in the normal blood o£ the same 
animal. The sugar must therefore disappear from the blood because it 
passes into the tissues. Insulin no doubt also passes out of the blood 
into the tissues, and we may suppose that when it enters the tissue cells 
it sets up in them some process that leads to the immediate disappearance 
of sugar as such, so that a “vacuum” for sugar is created in the cells 
and sugar is withdrawn from the blood more rapidly than the supply 
can be replenished. It i.s possible that the first step in this process is 
the formation of some compound between sugar and insuhn and that 
this may occur in part in the blood itself, but it is unlikely that such an 
intravascular process is any essential step in the disappearance in blood 
sugar. 

The causes for the setting up by insulin of a sugar vacuum in the 
cells may be either that it stimulates combustion of the sugar or that it 
condenses it into glycogen or reduces it to fatty acid. In the former 
case we should expect to find that the respiratory quotient is increased 
following the administration of insulin. This has definitely been shown 
to be the case in diabetic laboratory animals and in diabetic patients, 
although the rise is apparently somewhat delayed when compared with 
the fall in blood sugar. Dixon and P e m b e r worldng in this laboratorj' 
have shown that b.q. is also usually markedly increased in normal dogs 
and less definitely so in rabbits shortly after insulin is given, which would 
seem to show that increased combustion of sugar is an important factor 
in causing the decline in sugar concentration in the tissue cells and blood. 
It is also interesting to recall here that kebonuria is one of the first of 
the symptoms of diabetes to disappear under the influence of insulin (D. 
Evidently the increased combustion of sugar is immediately followed by 
the physiological oxidation of the accumulated fatty acid metabolites 
{B-oxybutyric acid, etc.}. 

With regard to the possibility that the sugar disappears because it 
becomes polymerised to glycogen, it is of significance that glycogen 
becomes abundantly deposited in the liver of depancreated dogs when 
they are given sugar and insulin (although none forms with sugar alone), 
but whether a similar process is responsible for reduction of sugar i» 
normal animals is not revealed by the present experiments, although Jt 
is of interest that the initial percentage of glycogen in the hver bears no 
relation to the rate of fall in blood sugar during the first half-liour 
follow.ing insulin. Whether insulin similarly stimulates glycogen forma- 
tion in' the muscle cells is also unknown. Hepburn and Latchfordl^) 
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could obtain no evidence of glycogen formation in their experiments on 
the perfused sur\’iving heart under the influence of insulin and it mil 
require most careful comparison of the glj'cogen-content of the muscles 
of normal and insulin-treated animals before the question as to whether 
insulin stimulates glycogen formation in normal muscles can be answered. 
The difficulty in such an investigation depends on the fact that large 
total amounts of glycogen might become formed uithont causing a 
change in the percentage amount that is measurable within the experi- 
mental limits of available analytical methods. 

Much attention has recently been paid by Hewitt and de Su,za and 
Hewitt and Prydet") to the possibility that glucose is transformed in 
the tissue cells into the highly-rcactive ethylene variety (A glucose) as 
a preliminary step to its utilization in the tissues and at the suggestion 
of Prof. Andrew Hunter, and with his collaboration, we arc at present 
investigating the possibility that insulin may stimulate such a change*. 
If glycogen formation should bo stimulated by insulin in the muscles of 
normal animals, as undoubtedly it is in the liver of diabetic animals, it 
is difficult to understand why increased combustion should also occur 
unless we imagine that the formation of muscle glycogen is a necessary 
preliminary step in the transformation of glucose into the combustible 
(y) variety. 

Turning now to the mechanism of the process by which the blood 
recovers its normal percentage of sugar, it is perfectly clear from the 
results recorded in this investigation that an important factor is the 
mobilization of sugar from the glycogen stores of the liver. This is most 
clearly demonstrated in the curves of Fig. 6. It mil be observed, how- 
ever, that even where there is abundance of this reserve of glycogen the 
rate in recovery in blood sugar may vary considerably among different 
animals. Other factors must be involved. One of them may be the 
effective dose of insulin for although this was the same per kilogram of 
body weight in the different animals, it may not have been the same 
per gram of active tissue (muscle). There is no evident way of testing this 
possibility for it will be seen that there is no parallelism between the 
actual body weight of the animals and the rate of recoverj’ of blood 
sugar (of. Fig. 6). Another factor depends on the sensitiveness of the 
mechanism which regulates the rate of glycogenolysis in the liver in 
response to the call of the blood (and tissues) for sugar. It will be 
observed from the glycogen percentages of the liver which are appended 

^ Since this paper went to press this effect of insulin has been demonstrated by 
Winter and Smith {Bril. Med. Joum., Jan. 6, 1922) 
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fallen considerably below tbe level of *045 at wMch they most frequently 
occur vdth weaker doses. 

9. The occurrence of convulsions cannot therefore be depended upon 
as an exclusive method of physiological assay. 

The expenses of this researoh were ia part defrayed by a grant from the Carnegie 
Corporation. 
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THE COLLOIDAL ALKALI RESERVE OF THE BLOOD. 
By T. H. MILROY. 
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WiTHix recent years muoli important work lias been done on the 
transport of carbonic acid in the blood, nnd the extensive literature 
dealing with this subject has been collected and summarised by 
van Slyke(i) and Warburg(2) amongst others As this communication 
is concerned essentially with a treatment of the same subject, mainly 
however from the standpoint of the distribution of the base between 
the disperse phase and the disperse medium, it is not necessary to give 
full references. It is evident from the work of these two writers and from 
the investigations of L. J. Hcnderson(3), Parsons(4) and, in a slightly 
different form, from those of Campbell and Poultonts) and Joffe 
and Poult on(6), that the transport of carbonic acid in the blood depends 
mainly upon the base secured from the colloidal constituents of the red 
cells and to a-minor extent upon that obtained from the plasma proteins. 
In a homogeneous solution the distribution of base between two com- 
peting acids of the weak type can be readily calculated, if the base 
concentration, the concentrations of the competing acids, and the dis- 
sociation constants of the acids be known. Parsons especially among 
recent writers has dealt with this aspect of the subject from the mathe- 
matical standpoint. As the conditions in the plasma as well as in the 
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necessary, however, in this paper to give a few examples of these curves, 
as the direct titration values furnish all the information required. These 
condnctivitjf measurements were made in the first place in order to have 
graphic records of the process of neutralisation and, in the second place, 
to detect any variations in the total electrolyte concentration. Tie 
curves also show the effect of ampholytes delaying the rise in (H+) just 
beyond the reaction of the indicator change point, namely on the acid 
side of the beginning of the colour change zone. On removal of these 
ampholytes by dialysis, the curves no longer show this peculiarity as is 
evident on comparison of the graphs in Figs. 1 and 2. 

Fig. 1 shows the curves for the ultraifiltrate obtained from blood from 



Fig. I. 20 o.c. ultrafiltrate. A =arterial plasma. V= venous plasma. 


carotid artery and jugular vein respectively. These specimens were 
taken and treated throughout with great care to avoid as far as possible 
loss of carbonic acid. The arrows give the indicator end poiuts. ,The 
addition of -2 c.c. of '5N acid to 20 c.c. filtrate = -OOoiV base in the 
disperse medium'. The base of the disperse medium includes dibasic 
phosphate as well as the bicarbonate. The graphs of arterial and venous 
blood are of the same type but there are certain differences to be observed. 
First, the total electrolyte concentration of ultrafiltrate of the venous 
blood is higher than that of the arterial blood, and, second, the titration 
end point with the venous ultrafiltrate is rather later than with the 
arterial. The slightly greater alkalinity of the venous ultrafiltrate is 
also^'jShown in the conductivity graphs. The base concentration of the 



BLOOD ALKALI KESERVE. 257 

venous ultrafiltrate was approximately -002 mol. higher than that of 
the arterial. 

The following titration values of the alkalinity stated in terms of 
normality were obtained in the ease of ultrafiltrates from seven different 
samples of blood plasma. In the first column the alkalinity of the 
disperse medium is given and in the second the alkalinity of the plasma 
corrected for the protein content in each case. 


Table I. 

Disperse 

medium 

Plasma 


Disperse 

medium 

Plasma 

(1) 

•023G 

•0218 

(5) 

•0240 

•0222 

(2) 

•0288 

•0204 

(0) 

•0204 

•0242 

(3) 

•0292 

•0207 

(V) 

•0280 

•02a‘)U 

G) 

•0230 

•0220 





The average value for the alkalinity of the disperse medium is -0262 
normal, and for the original blood plasma -0241 normal. Rona and 
Gy orgy (9) have also determined the alkalinity of ultrafiltrates of blood 
serum and have found, after correction for the protein content, an 
average value of -0224 normal. The variations in the alkalinity of such 
ultrafiltrates ate in part due to differences in carbonic acid pressure in 
the original plasma, affecting the distribution of the base between the 
'disperse phase and medium. 

II. The alkali content of the disperse phase of the plasma. 

The amount of base held by the colloids of the plasma is not definitely 
known, although it has been recognised from the experiments of Zuntz, 
Rona and Gyorgy and others that base can be removed from this 
store by the action of carbonic acid. If the fixation of base is a function 
of the colloidal concentration, it is evident that the amount held by the 
plasma in this form must be small compared with the quantity bound 
to the colloids in whole blood, as the latter must be nearly three times 
as great as the former. Apart from this, hiemoglobin and still more 
oxyhffimoglobin might in virtue of a possibly higher acid dissociation 
constant secure more base than the plasma colloidal ampholytes. The 
method which was mainly employed to determine the plasma colloidal 
base was in general terms the following: 

Two samples of the same plasma were taken. One was diluted with 
a definite volume of -85 p.c. NaCl, while to the other there was added 
the same volume of a boric acid-mannitol solution of sufficient strength 
to combine with all the base united to the colloids and weak acids of the 
plasma. The alkalinity of the two ultrafiltrates was then determined, 
the difference giving the amount of base originally united with colloid. 
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The addition of mannitol to a boric acid solution raises the ionisation 
constant of the acid to I-IO-® (Magnanini(iO)). Such an acid mil 
displace the base from all the weaker plasma ' acids. The borate so 
formed passes into the ultrafiltrate, and, on titration with a strong acid 
{•bN . H 2 SO 4 ) to the methyl orange end point, the full alkali value of the 
salt can be determined. That is to say the mannitol borate behaves in 
the same waj^ as the simple borate when titrated against a strong acid. 
The alkalinity of the ultrafiltrate of the plasma diluted with saline is 
due to the bicarbonate and dibasic phosphate, while that of the boric 
acid ultrafiltrate is due to the base derived from these sources and from 
the plasma colloids. Excess of boric acid does not interfere with the 
reaction. The following example gives the details in a particular case. 

(1) To 100 o.c. of ijlasma from oxalated blood 50 c.c, *85 p.c. NaCl were added. 

(2) To 100 c.c. of the same plasma 10 grms. mannitol ivere added then 26 c.c. of 
•59 molar boric acid^ in -85 p.c. NaCI and the mixture made up to 160 c.c. ■with -85 p.c. 
NaCI. The solution was thep -1 molar as regards boric acid and in the presence of the 
mannitol was more than sufficient to neutralise the free bicarbonate and dibasic phosphate 
and remove all the base from the colloids. The ultrafiltrates of these two samples were 
then obtained and titrated at the same tiraetigainst -S-V H-SOj to the same methyl orange 
end point. 

The results of four such experiments are given in Table II, correction 
being made for the dilution. 


Table II. 

Before 

After boric 
acid-mannitol 

Base 

increment 

(1) 

(2) 

•0258 

•0368 

•0110 

•0300 

•0380 

•0080 

(3) 

•0298 

•0383 

•0085 

(4) 

•0247 

•0360 

•0113 

The base increment therefore 

in the disperse medium produced by 


the removal of the colloidal base of the plasma was on an average slight!}' 
below -01 normal. Variations in the increment are in part due to the 
initial distribution of the base between the colloids and the disperse 
medium which is determined by the concentration of the other com- 
peting acids, carbonic and to a slight extent phosphoric acid. 

Other methods may be employed for the removal of base from the 
plasma colloids. For example the alkalinity of the ultrafiltrates obtained 
from plasma before and after saturation tvith carbonic acid may be 
determined. This was .done in the case of four series of ultrafiltrates 
obtained iiom different samples of blood. 

1 All boric a^ solutions were made from Kahlbaum's boric anhydride ffor analysis). 
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Table III. 

(t) 

(2) 

Before CO* 
•02-t 

After CO, 
•034 

Base 

increment 

•010 


•030 

•039 

•009 


(3) 

•029 

•037 

•008 


(4) 

•032 

‘038 

•006 


These values refer to disperse medium and are therefore not corrected 
for the colloid content of the plasma. The base increments correspond 
closely to those obtained in the boric acid-mannitol experiments and 
hence it is probable that practically all the colloidal base can be removed 
by carbonic acid. Rona and Gy 6 rgy( 0 ) determined the alkalinity of 
ultrafiltrates of blood serum before and after CO. and obtained values 
for the alkali increment higher on the whole than those given above, 
ranging from •0095--018 normal. 

In a series of e.\periments described by Hasseibalch and Warburg(ii) 
in which serum was equilibrated with carbonic acid at gradually rising 
pressures, the volume of combined CO. was determined from about 
40 mm. to 710 mm. pressure. These writers regard all carbonic acid 
fixed at reactions on the acid side of the probable isoelectric zone of the 
colloidal ampholytes as bound to these ampholytes acting as bases. It is 
however by no means certain that immediately on the acid side of this 
zone, the colloidal ampholytes are entirely freed from base by such an 
acid as carbonic acid. If we regard, as we are entitled to do, all the 
carbonic acid fixed at a partial pressure of 40 mm. as being in the form 
of bicarbonate in the disperse medium and if further we regard the 
increase which occurs from that point up to 710 ram. as provided by 
base removed from the disperse phase of the serum, then the increment 
in fixed carbonic acid (Table III of their paper) transformed into terms 
of normality corresponds to a -0097 molar rise in bicarbonate in the 
COj serum. It is evident that as the COj pressure falls, the base secured 
by the free carbo.xyl groups of the colloidal ampholytes rises, and, if the 
concentration of these ampholytes is high, the bicarbonate concentration 
in the disperse medium may fall to a low level as in the case of whole 
blood. 

The alkali content of the disperse phase of the plasma may also be 
studied in dialysed specimens (see Section IV). 

III. The alkalinity of the disperse medium and of the disperse phase 
of the laked whole blood. 

In order subsequently to determine the amount of base fi.xed to the 
colloids in the whole blood, it is necessary in the first place to obtain 
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information regarding the alkalinity- of the disperse medium of the whole 
blood. The whole blood was examined after hsemoirsis in order to 
facilitate comparison between the plasma alone and the plasma plus 
the cellular constituents. Yolunie determinations of the cells and esti- 
mations of the approximate protein \'alue of the laked blood were also 
made. 

Example 1. The blood coniained 38 p.c. cells, 02 p.c. plasma and the nitrogen content 
of the whole blood corresponded approximately to 18-3 p.c. protein. 

(1) 100 e.e. of the whole blood were taken; 1 gram saponin added and the mixture 
made up to 150 c.c. nith -85 p.c. NaCl. After thorough shaking the blood was completely 
htemolyBed. The laked blood was then 'filtered, and the alkalinity of the ultrafiltrate 
determined. After correction for the dilution and for the protein content this was found 
to be -0263 molar, 

(2) To 100 c.o. of the plasma (8 p.c. protein) of the same blood one gram saponin was 
added in order to make the conditions similar to those in the laked blood, and the mixteure 
made up to 150 c.c. mth -83 p.e. saline. 

The alkalinity of the plasma ultrafiltrate after correction for the 
dilution and protein content was '0297 molar. Therefore the alkalinity 
of 1000 c.c. laked blood was made up of -0184 moL free base in the 
plasma, *62 ('0297); and '0079 mol. free base from the cells. The ap- 
proximate free base concentrations in this specimen were: 

,Mol. base 


In 1000 c.c. laked blood ... -0263 

„ plasma of 1000 c.c laked blood -Oisi 

., cells of „ „ ... ... -0079 

1000 c.c. plasma -0297 

„ „ cells -0207 


These values represent all the titratable free base whether as bicar- 
bonate or dibasic phosphate or attached to other %veak acid groups, and 
are therefore higher than alkalinity values determined from estimsitioas 
of combined COg. 

Example 2. This sample was taken from an old horse in very poor 
condition and the cell content was found to be very low (17*5 p.c.), 
Laked blood and plasma were examined as in the preceding sample. 
The protein content of the whole blood was 16-99 p.c. and that of the 
plasma 7-437 p.c. After correction for the dilution and protein content, 
the laked blood ultrafiltrate was found to be '0250 m. base, the plasma 
*0267 m. Therefore the distribution was 

-- Mol. base 


In 1000 C.C. laked blood •0233 

„ plasma of 1000 c.c. laked blood -0220 

„ cells „ — ••• -0030 

„ 1000 c.c. plasma -0267 
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The methods referred to for the determination of the colloid base of 
tlie plasma can also be made use of in the case of laked blood. The 
boric aoid-manmtol method may be employed for the determination of 
the base attached to the colloids in laked blood either in the presence 
or absence of the alkali of the disperse medium. In this section the 
colloid base of the imdialysed laked blood mil be dealt with. 

Exp. 1 (1) 100 cc whole Mood were taken To tins 1 gram sapomn and So p c 
NaC! up to 160 c c. vero added 

(2) To 100 c c of same blood, 1 gram saponin 26 c c boric acid ( 69 mol ), Ifr gm 
imnmtol, and *86 ji c. NnCl up to 150 e c were added. 

The protein content of the ^vhole blood was approximately 18 p c and the cell \olume 
40 p c The ultrafiltrate of (1) after correction for dilution and for the removed protein 
had an alkalinity value of 0263 molar base, wliile that of (2) showed a rise in alkalmrtj 
up to 0513 molar. The increment in (21, namely, 025 molar, was derived from the colloid 
ba'se of the whole blood 

In another sample of laked blood in which a volume determination of the cells was 
not made but in which the protein content was 17p c , the values were — before bone acid* 
mannitol, •0245, after boric acid-manmtol, 0490, or a base increment m the disperse 
medium of 0245 molar 

In these t^o samples of blood the maximal amount of base removable 
from the disperse phase raised the alkahmty of the blood to *05 molar 
approximately. This consisted of the free base originally present plus 
the colloid base, the actual increment depending upon the amount 
originally secured by carbonic acid from the colloid base prior to the 
action of the stronger acid. It may be taken for granted that bone- 
acid-mannitol in the strength used (•! molar) displaces all the weak 
acid radicles, carbonic and colloidal carboxyl groups. It is interesting 
to compare the figures given by Hasselbalch and Warburg(ii) 
(Table III) for defibrinated ox blood exposed to varymg COg pressures 

If these figures be calculated as molar bicarbonate values, between 
43'5 mm. and 692*9 gm. COg pressure the fixed CO 2 rises from *018 to 
•015 molar. At the lower pressure all the fixed carbonic acid is as bicar- 
bonate, and at the higher, according to these investigators partly as 
bicarbonate lu the disperse medium and partly fixed by the colloidal 
ampholytes acting as bases. Regarding all as bicarbonate even at the 
high pressure, the increment in fixed COg corresponds approximately to 
the maximal amount of base obtainable from the colloids of the defi- 
brinated blood. 
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IV. The alkali content of the disperse phase of blood plasma and 
of laked blood after dialysis against -86 p.c. NaGl. 

If blood plasma be dialysed against water, the less soluble globulia 
portion separates out and there is a gradual loss of alkali from the 
disperse phase owing to hydrclj’-sis. When blood plasma is dialysed 
against -85 p.c. NaCl the globulin remains in solution and the colloid 
base is not withdrawn even when dialysis has gone on for some days. 
During the dialysis of the plasma a small quantity of the base of the 
disperse medium becomes attached to the colloids. With the removal 
of other competing acids, carbonic acid, etc. the colloidal ampholjde 
coon groups secure more base than under the conditions normally 
existing in the blood. The electrostatic attraction between the cations 
and the non-diHusible colloidal anions also prevents, so long as hydrolysis 
does not occur, a loss of the former. 

Experimental evidence in support of the retention of colloid base 
during dialysis against *85 p.c, EaCl can readily be obtained. For 
example the amount of base which can he removed by boric acid 
mannitol from plasma dialysed against -85 p.c. ISfaCI is rather greater 
than that obtained by the action of the same acid on the colloids of 
undialysed plasma. That is to say part of the alkali of the disperse 
medium dixring dialysis is fixed by the colloidal ampholytes. In the 
second place, if plasma be dialysed against '85 p.c. ISTaCl and then 
bicarbonate added to give a -OiN concentration, the ultrafiltrate of tills 
solution shows no lowering in the alkali value, such as would occur had 
there been a removal of base from the dialysed colloids and a replace- 
ment of this loss from the added bicarbonate. 

From Fig. 2 it 'null be seen that the sharp rise in conductivity occurs 
•1 c.c. before the indicator end point. An addition of 'Sc.c. N acid 
to 20 c.c, ultrafiltrate corresponds to the theoretical alkali value of a 
•04 normal solution. 

Method of determining the colloid base in dialysed plasma. Collodion 
tubes of 200 c.c. capacity were filled with blood plasma. These were 
fitted with rubber stoppers to which mercury manometers were attached. 
They were then placed in large vessels containing *85 p.c., NaCl, the 
external fluid being frequently changed. The saline solutions were always 
Aiade up with conductivity water. Thymol was added to the inner and 
outer fluids. After 48 hours’ dialysis the plasma was e.xaniined as follows. 
The protein content was determined in a small sample. Two portions, 
each of 100 c.o. dialysed plasma were taken, to one 50 c.c. saline were 
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added and to the other 50 o.c. aaline containing boric acid and mannitol, 
the concentration o{ the acid in the latter being -1 molar. 
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Fig 2, Neutralisation conductivity curves of 
I* ‘04 m, NaHCOj in *83 p c. NaCI. 

H, the uUrafiltrote obtained from blood plasma which had been dialysed for 24 hours 
against *85 p c. NaCl and then sodium bicarbonate added up to 04 molar, 
in, the ultrafiltrate obtained from blood plasma 'which bad been dialysed for 24 hours 
against 'water and then made up to ‘04 mol. NaHCOj and *85 p c NaCl. The arrows 
give the indicator end pomts, *8 c.c. N acid for 20 c.c. I and II ultrafiltrates and 
*7 c.c. for ultrafiltrate III. 

The ultrafiltrates of these two portions were then obtained and the 
alkalinity in each determined. The ultrafiltrate of the dialysed plasma 
plus saline was free from alkali, while that of the other showed an 
alkalinity equal to *0092 molar. As the dialysed plasma contained 
8’5 p.c. protein and the dilution was 100 to 150, this alkalinity corre- 
sponded to *0129 mol. hase removed from 1000 c.c. of dialysed blood 
plasma undiluted, and corrected for the volume alteration due to colloid 
removal. 

Similar estimations were made in four other samples of dialysed 
blood plasma, the following increments in base being obtained, ‘Oil, 
•013, '009 and *012 mol. The protein percentage of these four specimens 
were respectively 7*8, S-l, 6*8 and 8*6. The amount of base therefore 
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obtainable from the colloids present in 1000 c.c. of dialysed plasma was 
approximately '012 mol. This value is slightly higher than the base 
increments obtained from the disperse phase in the undialysed plasma 
(Sect. II). 

Laked loliole blood. Collodion tubes were filled with 200 c.c. of oxalated 
whole blood and dial 3 ’^sed, in the first place without laking, against large 
quantities of '85 p.c. NaCl, frequently changed. The tubes were often 
shaken. After 24 hours saponin was added to the contents of the tubes 
and after thorough admixture, the tubes Avith the laked blood were 
replaced in fresh -85 p.c. NaCl. Dialysis was continued for another 
24 hours with frequent changes of the external fluid. The ultrafiltrates 
obtained from dialysed laked blood, unlike those from dialysed plasma, 
always contained traces of alkali, so that correction required to be made 
for this in the determinations of the colloid base. 

Tavo samples of dialysed laked blood Avere alAA*ays compared, one to 
AAdiich boric acid-mannitol Avas added and the other without this addition. 
As in the case of dialysed plasma 100 c.c. portions were taken, one diluted 
AA'ith 50 c.c; saline and the other AAuth 50 c.c. boric acid-mannitol saline. 
The folloAA'ing tAvo examples may be given. 

(1) The blood contained 30'2 p.c. cells. The protein content of the laked blood after 
dialysis was IS-Oo p.c. The ultrafiltrate of the diluted dialysed blood to Avhich no boric 
acid was added had an alkalinity equal to -002 m., while the diluted sample to which boric 
acid-mannitol had been added furnished an ultrafiltrate of -027 mol. base. 

This corresponds to *0328 mol. base attached to the colloids in 
1000 c.c. of the undiluted laked bltiod, correction being made for the 
colloids removed in ultrafiltration. That is to say *0328 mol. base AA'as 
removed from 186-5 gm. protein. 

(2) In a similar experiment the protein content of the dialysed laked blood was 
18-37 p.c. On comparing the ultrafiltrate from the dialysed laked blood which had been 
acted upon by boric acid-mannitol, with the ultrafiltrate from a similar specimen to Avhich 
no acid had been added, the former showed after correction for dilution, etc., an increase 
in alkalinity corresponding to -0269 molar base. 

Thus after the removal of the free base by dialysis, boric acid-mannitol 
can remove from the colloids present in 1000 c.c. of laked blood approxi- 
mately -027—033 mol. base. Approximately thrice as much base may be 
obtained from the colloids of the whole blood as can be secured from 
the plasma colloids. The following example is more or less typical. 

In a blood containing 30 p.c. cells, the colloid base of 1000 c.c. whole blood amounted 
to -03 mol., and the colloid base of 1000 c.c. plasma of same blood was -012 mol. Then 
if the -03 mol. base in the dialysed whole blood comes -0084 mol. from plasma and -0210 
from the'' cells, the preponderant colloid base content of the cells is evident. 
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In tins case it must have amounted to -072 mol. per 1000 c.o. cells, 
or a value six times greater than the colloid base value of the plasma. 
Practically the sole source of the colloid base of the cellular elements is 
the hemoglobin present in the red corpuscles. 

V. The distribution of the base of the disperse phase of the plasma and 
of lahed blood between the colloids and foreign competing acids. 

In the preceding sections dealing rvith the colloids of the plasma and 
whole blood, attention was solelj' directed to the maximal amount of 
base removable by competing acids. In this section the subject of the 
distribution of the base between the colloidal ampholytes of fixed con- 
centration and competing acids of varying concentration will be dealt 
with. 

The study of the base distribution in normal blood between the cell 
colloids and carbonic acid is beset rvith many difficulties. In the first 
place the red cells are regarded usually ns being impermeable for cations 
while permitting free exchange of anions, so that a rise in the (HCOj) 
concentration of the plasma is associated with a fall in the (Cl). In the 
second place there are very ill-defined and variable volume alterations 
in the cells produced by carbonic acid and it is almost impossible to 
determine accurately the influence exerted by this factor in the base 
distribution between the disperse medium of the cells and plasma. In 
the third place the variations in the NaCl content in the cells and plasma 
and their effect on the activity coefficients of such weak competing acids 
as the colloidal ampholytes and carbonic acid have not yet been studied 
"with sufficient care. For these reasons amongst others attention has 
been directed to the much simpler conditions existing in laked blood and 
in plasma which have been dialysed against -85 p.c. NaCl. Also instead 
of using carbonic acid as the competing acid, one vdth a slightly higher 
dissociation constant was chosen, namely cacodylic acid. With such an 
acid, solutions of a definite molar concentration could easily be prepared 
and the distribution of the total colloid base (previously determined by 
boric acid-mannitol) between the two acids could readily be studied. Some 
experiments were also carried out with boric acid, a much weaker acid 
than cacodylic, in order to see whether the base distribution between 
cacodylic acid and the colloids, and boric acid and the colloids followed 
the same laws. The acid dissociation constant of cacodylic acid is given 
by Lunden(i2) as 6-4. 10'’ at 25° and that of boric acid as 
at 18°. The question of the distribution of base between these acids and 
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the colloids of plasma and blood will be considered theoretically after 
the experimental results have been given. 

Th^ action of cacodylic acid on dialysed blood plasma. Five collodion tubes, each con- 
taining 200 c.c. oxalated horse blood plasma, were dialysed against -85 p.c. NaCl for 
48 hours. The contents of the tubes were then mixed and the nitrogen (protein) deter- 
mined in two portions (2 c.c.), the nitrogen value was 1-435 p.c. (8-968 p.c. protein). 
A solution of cacodylic acid 4-14 gm. in 100 c.c. -85 p.c. NaCl was prepared. 5 c.c. of this 
solution made up to 150 c.c. gave a -01 molar concentration. The dialysed blood plasma 
was treated with cacodylic acid as follows: 

1. 100 c.c. plasma -t 2-5 c.c. of the cacodylic acid solution (c.a.)-f-85p.c. NaCl up to 
.. 150 c.c. =-005 m. (c.a.). 

2. 100 c.c. plasma -f- 5 c.c. c.a. up to 150 c.c. = -01 m. 

3. „ „ + 7-0 „ =-015 m. 

4. „ „ -fl2-5 „ „ =-025 m. 

5. „ „ ■f20 „ „ =-04m. 

(5. 100 c.c. plasma -i- 50 c.c. saline. 

7. „ „ -t SO c.c. boric acid-mannitol saline. 

The ultrafiltrates of these solutions were then obtained and alkalinities determined. 

In the first place the ultrafiltrate of the diluted dialysed plasma 
{i.e. 6) was found to be free from base, and in the second place the 
amount of base removed by boric acid-mannitol {i.e. 7) was 'Oil mol. 
That is to say the maximal amount of base removable from the colloids 
of dialysed plasma by •! molar boric acid-mannitol was *011 mol. 
Table IV (below) gives the amount removed by cacodylic acid in the 
different concentrations. Other experiments gave practically the same 
results. 

The action of boric acid on dialysed blood plasma. Two series were 
carried out with boric acid acting on two different samples of dialysed 
plasma. As this acid is so much weaker than cacodylic, it required to 
be used in higher concentrations. The results owing to the small amount 
of base removed are less satisfactory than those obtained with cacodylic 
acid. This especially holds for low concentrations of the acid. The 
protein content of (1) was 8T p.c. and of (2) 6-9 p.c. 

Boric acid therefore acting in -3 molar concentration removes only 
32 p.c. (1) and 33-3 p.c. (2) of the total available colloid base of the 


Table IV. Table V. 




Boric acid (mol.) 

Base removed (mol. 

Cacodylic acid Base removed 

, 

A 

(2) 

A 

t 

(2) 

(mol.) 

(mol.) 

(1) 

(1) 

0 

0 

0 

— 

0 

— 

-005 

-0045 

-01 

— 

•0015 

— 

-010 

-0068 

-03 

— 

-0022 

— 

-015 

-0076 

-05 



•0025 

— 

-025 

-0095 

•10 

, -10 

•0030 

•0022 

-040 

-0104 

•30 

•30 

•0048 

•0040 

(Boric acid-mannitol 

-0110 

(Boric acid-mannitol 

t 1 \ 

•0150 

•0120 


•1 mol.) -1 mol.) 



BLOOT) ALKALI RESERVE. 


267 


plasma, lyhile cacodylic acid even in a concentration of -025 molar 
removes over 86 p.c. of the available base. 

Experiments similar to those just described for plasma were now 
carried out with dialysed lakcd whole blood. The usual method of 
dialysis against -85 p.o. NaCI was employed. One sample of this was 
filtered without the addition of any acid in order to find out whether 
the disperse medium was free from base. Ultrafiltrates obtained from 
laked blood dialysed against -85 p.c. NaCl for 48 hours with frequent 
changes always contained traces of alkali. The alkali value of the ultra- 
filtrate obtained in this way requires to be deducted from the alkali 
values of the ultrafiltrates obtained from blood to which the competing 
acid had been added. The values given in the table denote the actual 
base increments produced by the action of the competing acid on the 
colloids of laked blood. The blood referred to in Table VI contained 
slightly over 30 p.o. celts and the protein content of the dialysed laked 
blood was 18-37 p.c. 

Tables VI and VII give the base removed from dialysed laked blood 
by cacodylic acid and boric acid respectively. 

Another sample of blood was used for the boric acid series. 



Tablb VI. 



Table VII. 




Cose 



Base 


Cacodylic acid 

remo^ ed 


Bone acid 

removed 


(raol.) 

(mol.) 


(mol.) 

(mol.) 

m 



U) 

•^a 

'Wn 

(2) 

•02 

•0130 

(2) 

^04 

•0032 

(3) 

•03 

•0200 

(3) 

•OG 

•0048 

(4) 

•04 

•0240 

(4) 

•10 

•0060 

(5) 

•05 

•0247 

(6) 

♦30 

•0082 

(6) 

•OG 

•0255 




■ic acid-mannito] *1 mol.") 

•0270 

(Boric acid^maamtol *1 moL) 

•0301 


Of the total available colloidal base cacodylic acid in -04 mol. con- 
centration secures about 89 p.c. while boric acid in the same concen- 
tration slightly over 10 p.c. It is important to note that with a -02 
molar concentration of cacodylic acid, the base is nearly equally shared 
between the colloids of the dialysed laked blood and the foreign acid. 

VI. Comparison between the observed and the theoretical values of the 
base distribution between competing acids. 

In van Slyke’s recent paperps) on buffer values there is an inter- 
esting discussion of the relationship existing between increment in base 
and increment in pH under conditions similar to those existing in blood. 
At a defined pH the ratio of the free acid to the anion concentration is 
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determined by the value of the dissociation constant of the acid con- 
cerned. Taking the average acid dissociation constant for the colloidal 
ampholytes as being equal to the {H+) of normal blood, the ratio of the 
anion to the undissociated acid is unity. Information regarding the 
amount of base set free in the blood within a narrow range of reaction 
has been almost entirely obtained from studies which are in the main 
theoretical and are based on the Henderson equation or some mathe- 
matical modification of the same. 

van Slyke has made use of the differential ratio to study the 
amount of base fixed in the disperse medium and the disperse phase. 
For buffers other than bicarbonate, the most important being the protein 

buffers, the differential ratio as the increase in the base 

secured by the colloidal ampholytes is equal to the fall in the HCO 3 
value. The amormt of base secured by the colloidal acids for a given 
concentration \viU naturally vary with the value taken for the average 
dissociation constant. From a consideration, mainly theoretical, of this 
subject, van Slyke concludes that at the blood reaction about *018 n. 
base is attached to the colloidal ampholytes and the total alkaU- bound 
by all the weak buffer acids as approximately *04 n. 

In this communication an endeavour has been made to arrive at a 
knowledge of the base distribution of the blood through a different 
channel of approach. 

Even although the laws which govern the base distribution between 
two competing acids in homogeneous solutions may not hold good in 
their entirety for heterogeneous ones still it is better in order to gain a 
first approximation to the truth to regard the latter from the same 
standpoint as the former. Sorensen has emphasised the importance 
of regarding colloidal (emulsoid) solutions from the purely chemical or 
physico-chemical standpoint as well as from the more hmited colloid- 
chemical one. Too Uttle stress is laid on the chemistry of the disperse 
phase in its relation to that of the disperse medium. 

Hence the following theoretical treatment follows the same lines that 
have been adopted in the consideration of the “avidities” of acids for 
base in homogeneous solutions (Abegg(l4)). The competing acids are 
weak and therefore may be regarded as obeying Ostwald’s dilution 
formula and the salts of the acids with the base are taken as completely 
dissociated while the acids themselve remain practically undissociated. 

In a litre of the solution there are mol. base, Cj mol. of acid 1 (HAj), 
and c^onol. of acid 2 (HA^). The concentration of acid 1 is fixed, that of 
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acid 2 is varying. Under the aonditions existing 6 < Cj + G^, that is to 
say there is insufficient base to neutralise both acids. 

Now let X = fraction of each mol. base reacting with acid 1 , and 
1 — X then equals fraction falling to acid 2 . 

The salt of acid 1 - (BAj), and of acid 2 (BA,) may be stated in terms 
of X, as bx and 6 (1 — i) respectively, and these also give the anion 
concentrations if dissociation of the salts is complete. The free undis- 
Eociated acid remainders arc, in the case of acid l,Ci—bx and of acid 2, 
C' 5 — 6 (1 — .r). Then the mass law equations for acids 1 and 2 may be 


written 


end 


p- tH+)l-A|-l IHCtr 

(I). 

‘ [HA,] ■ C,-lir 

1 . [U+llA,-] lH>-1t{l-r) 


’ ■ [HA,1 C,-(.(l-r) 



A'l _ 1 - _ J- 

A’.'“ \-r. 

(3). 


or 




A-C, AT, 

«(!-/.■) /'t(l-A) 


=0. 


■U). 


On solving this quadratic equation, the distribution ratio of base, 
I f -, between the two acids is obtained. 

This equation has been made use of to .stiidy the distribution of base 
between the colloidal aiuidiolytcs of plasma and blood and a competing 
acid under the simplest and mo.st easily reproduced conditions. The 
plasma and laked blood were dialysed free of all salts but sodium chloride 
and that was present in a definite concentration. -S-^ p.c. Making use of 
the terms previously lueutioned. 

C, = the concentration of the carboxyl groups in the colloidal ampho- 
lytes with a dissociation constant /ij. 

C, = the concentration of the competing acid with dissociation con- 
stant 7C,. 

b = molar concentration of available base, 

K and x have the significance previously mentioned. 

Although there are possibly free OOOH groups present in the colloidal 
ampholytes in dialysed plasma and blood, in the calculations which 
follow, Cl is .taken as being equal to 6 . During the process of dialysis 
against NaCl Avith the removal of carbonic acid, the alkalinity of the 
disperse medium rises so that neutralisation of any free carboxyl groups 
in the colloids will probably occur. 

The average acid ionisation constant taken for the colloidal ampho- 
lytes is baaed on van Slyke’s calculations for oxyhtemoglobin and 
PH. LVU. 18 
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reduced haemoglobin. Simply for purposes of comparison the K (acid) of 
the plasma ampholytes and of the laked blood ampholytes (JQ is taken 
as being the same (6-6'4 10~®) giving vrith K (acid) of cacodylic acid {K^) 
Z= -1. 

(1) Comparison between the theoretical and observed values of the • 
base distribution between (a) the colloids of dialysed plasma (Gi), (b) the 
colloids of dialysed laked blood (Cj) and cacodylic acid (Cj). 

Where in (a) Ci— -Oil; b = *011; and Cz varies. 

In this case for ease in calculation is taken as 6-4 . .10~® and 

6-4.10-7" 

and in (b) 0^ = ‘027 ; b = '027 0^ and K as above. 

(a) Dialysed blood plasma and cacodylic acid. Tablfe VIII gives the 
theoretical and observed values. 




Table VIII. 

6(1 -a:) 




5 (1 -a:) 

mol. cacodylatc 

Cs 

X 

1 -X 

■ (tlieoretical) 

(actually found) 

•005 

•596 

•414 

•0046 

•0045 

•010 

•298 

•722 

•0079 

•0069 

•015 

•144 

•856 

•0094 

•0086 

•020 

•091 

•909 

•0099 

•0097 

•030 

•050 ■ 

•949 

•0104 

— 

•040 

•035 

•965 

•0106 

•0104 


6 = ' 

Oil (actually found). 


(b) The 

same calculation 

can be carried out for cacodylic acid and 

dialysed laked blood where and b are 

taken as -027, the other letters 

having the 

same significance 

as in the preceding case. 





1. 




Table IX. 

b {l—x) 

6(1-® 

0: 

X 

1 -T 

(theoretical) 

(found) 

•01 

•648 

•352 

•0095 

•0080 

•02 

•368 

•632 

•0170 

•0130 

•03 

•203 

•797 

•0215 

•0200 

•04 

•126 

•874 

•0236 

•0240 

•05 

•089 

•911 

•0246 

•0247 

•06 

•068 

•932 

•0251 

•0265 


b='027 (actually found). 


The values of b (1 — x) found for the lower concentrations of caco- 
dylic acid are somewhat variable, but, at the higher, similar experiments 
gave practically identical results. 

■•(2) The same theoretical treatment can be extended to the boric 
acid competition with the blood colloids for base, but in this case the 
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competing acid is much weaKer than the colloidal ampholytes^ and 
therefore any possible free COOH groups in the colloids mil make their 
influence felt at the low bone acid concentrations For this reason among 
others, the boric acid observed results cannot be so readilj compared 
with the theoretical 

In order however that the two acids (cacodyhc and boric) may be 
compared as regards their power of withdrawing base from the colloidal 
amphoivtes it is neccssarj to regard them ns acting under similar con 
ditions As regards boric acid competition for the colloidal base of 
dialjsed plasma (fl) the conditions in the specimen examined were as 
follows 


6=s 012, C|S=012, C', = \arying bone acid cone Aj 
calculation 


A, 0 

TTj'OxltHw 


*100 = 


K 


taken as 6 x lO"*® for ease m 


Table X Ml-j) 


(7, 

X 

1 -« 

m borate 
(theoretical) 

Observed 

01 

017 

083 

00000 

0015 

02 

883 

in 

0014 

— 

03 

858 

142 

0017 

0022 

04 

837 

1G3 

0019 


05 

810 

181 

0021 

0025 

10 

752 

248 

0020 

0030 

30 

CIO 

3Sl 

0040 

0048 


{bss 012 obscired ) 


(6) Boric acid and lakcd blood under following conditions 
1;=03, CjsaOB Ct ■varying, A =100 


Table XI 6 (1 ~ 


C. 

X 

1 —X 

Theoretical 

Obsen ed 

01 

947 

053 

00159 

0023 

02 

920 

074 

00222 

03 

909 

001 

00273 

— 

04 

895 

105 

00315 

0032 

05 

883 

117 

00351 

• — 

10 

837 

163 

00489 

0061 

30 

733 

267 

00801 

0082 


(6 = 030 observed ) 


It IS evident from a comparison of tb,e theoretical and observed 
values of h{l~~ k) both for cacodyhc acid and boric acid under the 
conditions occurring in dialysed plasma and laked blood that the dis- 
tribution of the available base in the mam conforms to the same laws 
which are known to hold for homogeneous solutions 


18—2 
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SuanLAKY, 

1. A method for the study of the disperse medium and disperse 
phase of the plasma and laked blood is described. 

2. The alkalinity of the disperse medium of plasma is approximately 
•024 m. 

3. The alkali content of the disperse phase of the plasma is approxi- 
mate^ -01 m. 

4. The alkalinity of the disperse medium of laked whole blood is 
less than that of the plasma of the same blood. 

5. The alkali content of the disperse phase of laked blood (un- 
dialysed) is approximately -025 m., but after dialysis against -85 p.c. 
NaCl rather more is fixed by the colloids. 

fi. The distribution of the colloid base of the plasma and laked blood 
between the acid colloid groups and two foreign competing acids, caco- 
dylic and boric acids, has been studied experimentally and theoretically. 
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THE CARBON DIOXIDE PARTIAL PRESSURE IN 
BODY CAVITIES AND TISSUE SPACES UNDER 
VARIOUS CONDITIONS. By J. ARGYLL CAMPBELL. 


{From the Department of Applied Physiology, National Institute 
for Medical Research, Hampstead.) 

The experiments described herein were carried out mainly to determine 
the effects on the CO 2 partial pressure in some of the tissues and body 
cavities, produced by changes of temperature, muscular exercise and 
artificial respiration. 

Previous researches. The previous work on CO^ partial pressure in 
tissues and body cavities is very extensive. Amongst the earliest re- 
searches are those of Davy(l) in 1823, on the CO, content in the gases 
in a case of pneumothorax and those of Leconte and Domarquay( 2 ) 
in 1859 on the changes in COj content in gases injected subcutaneously 
and into the peritoneal cavity. Attention will be directed here to some 
of the researches of physiological significance and of importance to the 
present work. In 1914 Webb, Gilbert, James and Havens(3) in- 
jected nitrogen into one side of the thoracic cavity of one monkej' and 
a similar amount of air into one side of the thoracic cavity of another 
monkey of about the same size and weight, and found the CO, per- 
centages to be 8-52 and 8-OG respectively after 48 hours. Rist and 
Strohl(4) concluded that there is a balance between the gases of a 
pneumothorax cavity and the gases in the venous blood; whilst 
Dautrebande and Spehl(5) pointed out that it was more correct to 
state that the composition of the gases was regulated by the blood 
bathing the compressed lung, this being richer in CO, than that of the 
normal lung, because of the lessened circulation due to the compression. 
Grass and Meiners(6) distinguished between an open and closed 
pneumothorax by drawing out some of the gas from the cavity. If there 
was an opening elsewhere communicating with the air, fresh air rushed 
in and thus lowered the CO^ percentage. They also described a method 
to estimate the volume of gases in the thoracic cavity. 

Henderson and Haggord(7) injected air into the abdominal cavity 
of dogs under local ansesthesia and showed that the COj tension in the 
abdominal air approximated in about one hour, to that in the arterial 
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body in general, such as an increase of metabolism accompanied by a 
diminished excretion of CO 2 . General heating may have dilated the 
capillaries and brought far more blood to the skin so that the circulation 
time of the blood was prolonged. Food did not produce any appreciable 
change in the CO 2 partial pressure under the skin of a cat. 

Effeci of exercise. Table VI records results showing that exercise for 
18 minutes markedly increased the COg partial pressure under the skin 
in the case of a rabbit although the body temperature was not altered 
greatly. Other experiments with rabbits showed similar results. In 
Table results are given wliich were obtained from a kitten. Exposure 
to a warm atmosphere and two periods of ten minutes mild exercise 
increased the COg tension under the sldn from 40 mm. to 48 mm.; sub- 
sequent rest in a cooler room reduced the tension to 40 mm. The author 
hopes to carry out similar experiments on man during exercise and 
exposure to heat. 

Effeci of arlificial resjorniion. Artificial respiration was performed 
under urethane by means of Sc buster’ s(i2) double-action pump, made 
for Dale and Evan6(i3). The COg partial pressure under the skin before 
artificial respiration was commenced, in the experiment illustrated in 
Table VIII, was about 50 ram.; such high figures were sometimes ob- 
served with the animal under an anmsthetic. After 21 minutes of 
artificial respiration the tension fell to 37 mm, but was not altered much 
by a further 60 minutes of artificial respiration. Except for a few short 
interruptions, the artificial respiration was continuous. About 22 c.c. of 
air were pumped into and withdrawn from the lungs 190 times a minute. 
After cessation of artificial respiration the COg tension rose again and 
reached 54 mm. In this experiment the respiratory quotient was 0-6 
during artificial respiration, so that the lung was probably not completely 
opened up by the pumping in and out of 22 c.c. of air. In an experiment 
on a cat (.«ee Table IX) the amount of air pumped into the lungs was 
much greater and the CO 2 tension under the sldn fell as low as 21 mm. 
In this experiment the respiratory quotient was above 1, Many other 
experiments, in some of which air was injected into the abdominal cavity, 
gave similar results^. The blood pressure was recorded in some of these 

^ Furtlier experiments, carried out by the author in Dr Dale’s laboratorj', have 
shown that the Oj consumption was increased by this method of artificial respiration. 
This may have been due in part to an attempt by the tissues to replace COj. It was 
very likely due in part to alkalosis since the author has recently found that intravenous 
injection 01 NaHCOj in urethanised cats caused a definite increase in 0 . consumirtion, 
whilst intravenous injection of HCl produced the opposite effect. The latter phenomena 
probably constitute a general physiological principle. 
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experiments and the author hopes to publish the results in the near 
future. 

C0« partial pressure in the tissues and cavities just before and some 
hours after death. When an animal was dying the CO, tension often rose 
above 80 mm. just before death. Tables I, II, V and VIII record the 
high results obtained some hours after death, 193 mm. being obtained 
in one case. 

SOMMAKY. 

1. Injection of air under the skin afforded a ready means to examine 
changes in COj partial pressure within the body. No anicsthetio was 
required and the animal was able to move about normally. 

2 Intravenous injection of acid reduced the CO 2 partial pressure in 
air under the skin. 

3 Exposure to a warm atmosphere (37° C ) greatly increased the 
COj partial pressure in air under the skin and in the abdominal cavity, 
although the bodi' temperature was not greatly altered. 

4. Exercise markedly increased the CO, partial pressure in air under 
the skin, although the exercise produced only a slight rise of body 
temperature. 

5 Artificial respiration greatly reduced the CO 2 tension in air under 
the skin and in the abdominal cavity, figures as low as 21 mm being 
recorded. 

The author is much indebted to Dr Dale for the loan of the double- 
action pump and to Dr Leonard Hill for kindly criticism in the above 
research. 
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CREATINE FORMATION IN FROG’S MUSCLE 
CONTRACTED BY NICOTINE. 

By T. MITSUDA A^'D K. UYENO. 


{From the Physiological and Biochemical Laboratories, Cambridge.) 


Increased creatine excretion was found by Pekelharing(i) to be pro- 
duced in man by prolonged continuance in the military position of 
“attention.” For this and other reasons he came to the conclusion that 
tonic contraction caused a protein breakdown in the muscle accompanied 
by a formation of creatine. The subsequent experiments have been chiefly 
on the lines of determining whether the normal tone of muscles and that 
folloAving decerebration, when diminished by nerve section, does or does 
not decrease the amount of creatine. In relation to these experiments it 
has been urged that their electric changes show the contraction to be 
tetanic and not tonic. 


Contraction caused by certain chemical bodies continues for a con- 
siderable time and seems to be more nearly a tonic contraction than 
any that can be produced in vertebrates by nerve stimulation. It seemed 
then desirable to determine whether this form of contraction is accom- 
panied by creatine formation. The chemical substance the action of which on 
muscle has been most worked out is nicotine and our experiments have been 


made with this. The experiments were made on frog’s rnuscle; before 
operation the cerebral hemispheres were destroyed. It has been shown by 
Langley{2) that nicotine rmder a certain percentage causes in frogs 
muscle a primary contraction which in each fibre is confined to the region 
under the nerve ending — the neural region, — and does not cause an ob^^ous 


decrease of direct excitability. After a more or less prolonged period con- 
traction begins, and slowly progresses in the rest of the muscle fibre — ^the 
general muscle substance ; this change is accompanied by a decrease of 
excitability until the death of the muscle. The action on the general muscle 
substance begins at once when the percentage of nicotine exceeds a certain 
value and is rapid with 1 p.c. solution. Our experiments then had a second 
object, viz. to determine whether the jaimary, local, and apparently in- 
nocent contraction had the same relation to creatine as the general con-- 
trah^on leading to death, or whether the relation was different. 
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Some experiments \vith I p.c. nicotine were mode on frogs by Pekel- 
' haring andHoogenhuyze(3). They injected 1 c.c. of 1 p.c. nicotine dis- 
solved in Einger into the abdomen of the frog; half-an-hour later on stimu- 
lating the sciatic of one side with intermittent electric stimuli they found 
the greater creatine content on that side. In other experiments the hind 
limb of one side was placed in 1 p.c. nicotine solution and that of the other 
, side in Ringer, and the sciatic of both sides was stimulated for 30 minutes. 
’ In these the creatine content was greater on the side placed in nicotine 
f solution. But in another c.xperiment in which they placed the muscles in 
I 1 p.c. nicotine for 30 mins, without stimulating there was no increase of 
creatine, and curiously enough tliey state that they did not notice any 
rigor at all. 

Our first experiments were made on the flexor nniscles of the arm in 
which, a.s is known, strong contraction is caused by a small concentration 
of nicotine. The creatine was estimated as creatinine by Folin’s method. 
Analysis of the muscles taken on the two sides from freshlj' killed un- 
poisoned frogs showed that the percentage difference in the amount of 
creatinine on the two sides was slight and variable {cf. Table I, A). It 
varied from 0-9G to 2'Y p.c. but generally was about 1 p.c. 

In other frogs, in which the systemic arch {thoracic aorta) was tied 
on one side above and below the subclavian artery so as to cut off com- 
pletely the blood supply to the corresponding arm, contraction of the arm 
muscles on one side only was produced by injecting hypodermically a few 
drops of 1 p.c. nicotine. The contraction so produced lasts half-an-hour or 
more and does not greatly affect the excitability of the muscle. It may be 
taken as being in most cases at any rate a contraction in the neural region. 
The frogs were killed 2b mins, after the injection and the creatinine of 
each side was compared. In all the nicotine contracted muscles an ap- 
preciable and often large increase of creatinine was found {cf. Table I, B). 
In most of the experiments the increase was about 5 p.c. but it varied from 
3-7 to 10*9. It is possible that the higher percentages were due to the general 
muscle substance being affected. 

In discussion on the effect of the sympathetic on creatine formation 
it has been pointed out that variation of blood supply may cause a variable 
amount of creatine to be removed from the muscles. The muscles only 
slowly lose their excitability when the blood supply is cut off and it seemed 
worth while to determine whether the creatine content is increased or 
decreased by tying the arteries. In five frogs the systemic arch (thoracic 
aorta) was tied on one side in the manner mentioned above and after 
25 mins, the frogs were killed and the creatinine in the muscles of each 
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both ends of the satfcorius muscle have no nerve-endings. Hence we can 
roughly divide this muscle into the neural and non-neural region, taking 
the middle part of the muscle and the cut ojg ends separately. The 
sartoiii taken from three frogs were thus divided into two regions and each 
was analysed. From Table IV, A %ve see that the differences in creatine 
content of these two parts are insignificant. In the next series of experi- 
ments the two regions of the muscle were put separately in a half c.c. 
of 1 p.c. nicotine and after 10 mins, they were taken for analysis together 
TOth the immersing fluid. In the last two of these experiments the 
intact muscles were first put in nicotine and cut after being taken out. 
The results (B) show distinctly greater content of creatine in the neural 
region than in the non-neural region. Similar experiments were also made 
with *1 p.c. nicotine. Here again (C) the creatine content was found, except 
in one case, to be greater in the neural than in the non-neural region after 
30 mins. The differences were little less than in cases with 1 p.c. nicotine. 
Although we have above pointed out that the individual variation is so 
great that the mean value cannot be taken as a standard, we may use it 
here for tbe sake of simplicity. From the Tables 11 and III we get •■24-1 
as a mean percentage of creatine in 25 apparently normal sartorii. This is 
in good accordance nith the mean calculated from Table IV, A, i.e. *241). 
If w'e compare these mean values with figures in Table IV, B and C, we 
may again notice that the creatine is more or less increased in the neural 
as well as in the non-neural region and in each region it is .slightly greater 
in muscles treated with 1 p.c. than tho.se rieated with *1 p.c. nicotine. The 
increase of creatine in the non-neural region when treated mth d p.c. 
nicotine does clearly show the discrepancy between mechanical effect and 
creatine formation caused by nicotine. 

Summing up the whole results we may conclude that the tonic con- 
traction of frog',s muscle caused by nicotine is always accompanied by 
creatine formation, though the latter is. to some extent at least, inde- 
pendent of the former. 

Remarks. The tonic contraction and gradual rigor produced by 
dilute nicotine are of a type produced either in frog's or in mamraalisn 
muscle by a number of chemical substances; curari preventing the primary 
contraction but not influencing the rigor contraction. Such substances 
are physostigmine, acetyl-choline, guanidine and sodium sulpbocyanide. 
It is then probable that ail these when they cause tonic contraction set 
free creatine. And it is not improbable that all chemical substances causing 
' tonic contraction set free creatine. With regard to some of these it may he 
noted that Pekelharing and Hoogenhuyzeri) placed the Mnd-Hmb 
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muscles of the frog in solutions of veratrin, CaClj, NaCyS or caffein and 
stimulated the sciatic for 30 mins, with induction shocks 24 times per 
min. They found increase of creatine in all. They consider that the drugs 
enabled the nerve stimulation to cause tonic contraction. But since 
tetanic nerve stimulation in normal conditions has not been found to cause 
tonic contraction, it seems more likely that the increase in the amount of 
creatine found by Pekelharing and Hoogenhuyze was due to the 
contraction either increasing the direct action of the drugs, or to its pro- 
ducing fatigue, and the resulting lactic acid causing the tonic contraction. 
It may be noticed that the p.c. increase of creatine was in general con- 
siderably greater than in any of our experiments. 

Summary. 

E.xperinienta were made on the arm muscles and on the sartoni of the 
frog. 

Cessation of circulation slightly increases the amount of creatine in the 
muscles. 

Injection of nicotine causes an appreciable increase of creatine in the 
flexor muscles of the arm which react most easily to this drug. 

In the excised sartorii the increase of creatine differs as the concentra- 
tion of nicotine and the time of its action differ. Nicotine •! p.c. — which 
causes contraction in the neural region only, continues to set free creatine 
for about 30 minutes. Since by this time the muscle has relaxed, it is con- 
cluded that whilst the creatine formation is partly due to the tome con- 
traction, it is partly due to some further change independent of contraction. 
Nicotine 1 p.c. which causes rapid rigor and death of the sartorii causes a 
greater production of creatine than -1 p.c. but not in proportion to the 
greater area of muscle affected. The maximum amount is formed in about 
10 minutes. 

Nicotine 1 p.c. as well as •! p.c. causes a greater increase of creatine 
in the neural region of the muscle than'in the non-neural region, i.e. the 
greater contraction response of the neural region corresponds with a 
greater readiness of creatine formation. 

In conclusion we wish to express our cordial thanks to Prof. Langley 
for his kind advice and suggestions throughout. We are also indebted to 
Prof. Hopkins in whose Laboratory the chemical side of this work was done. 
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ON THE MAXIMUM WORK OF HUMAN MUSCLES 
ESPECIALLY THE FLEXORS OF THE ELBOW. 
Er T. E. HANSEN and J. LIND HARD. 


(From the Laboratory for the Physiology of Gymnastics, University of 
Copenhagen.) 

As a link in a long chain of e.wcllent works dealing mth the physiology 
of skeletal muscles A. V. Hill(i) has recently published a paper on the 
ma.ximum work of human muscles. The maximum work is obtained when 
the muscles are loaded in such a manner, that the load in every moment 
opposes the contraction by a force which the muscle is just able to over- 
come. This principle may be realized when the muscles contract against 
the inertia of a heavy fly-wheel such as described in detail by Hill. By 
the aid of this apparatus Hill has made a series of experiments from 
which he has drawn interesting conclusions concerning the efficiency of the 
muscles and their most economical speed. As, however, the results of 
Hill on certain points need a further investigation, we have thought it 
worth while by means of a similar apparatus to make some additional 
experiments the result of which we propose to discuss in the present paper. 

Our fly-wheel (Fig. 1) consists like that of Hill of a number of pulleys 
on which the string may be wound up, but moreover it has an iron disc 
furnished with a heavy ring of lead, just like the fly-wheel in the bicycle- 
ergometerof Krogh. We obtain in this way a very large moment of inertia. 
The wheel is mounted on an iron frame furnished with ball-bearings for 
the shaft. Near the end, the shaft has a worm and wheel transmission to 
move a small index rotating on a horizontal disc provided with a mark 
indicating every twenty revolutions of the fly-wheel. This counting device 
has so little resistance, that it has no appreciable influence on the speed of 
the wheel. The wheel is stopped by means of a wooden brake acting upon 
the lead-ringh 

Owing to the large moment of inertia of the wheel we have had some 
trouble to find a suitable string strong enough to stand a heavy pull and 
on the other hand flexible enough to offer no resistance when wound 

^ The fly-wheel has been built in the workshop of the zoophysiological laboratory of 
Copenhagen (Prof. Krogh). 
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round the smallest pulley. At first we used a violoncello string but later 
we adopted a very thin steel band. The wheel is calibrated in the manner 



Fig. 1. 

described by Hill and the moment of inertia has been determined to 
(•828 ± *0029) X 10’ expressed in absolute units. The “equivalent masses" 
corresponding to the seven pulleys are respectively : 60, 87, 13i, 235, 507, 
1197, 5849 kilograms, and the work done in a pull is TT = 1-666 x r® kilo- 
gram-metres when r is the number of revolutions per second. 

Our experiments pTOceeded in the manner described by Hill and 
regarding the relation between work and “equivalent mass” we obtained 
quite similar results. From the curve representing this last named 
relation Hill determines the theoretical maximum work TFq- This figure, 
which is of the greatest interest for all the deductions in Hill’s paper, 
must, if possible, be determined exactly. The author is of opinion, that IT o 
is determinable from the curves Avith a limiting error of about 1 p.c. We 
do not believe, however, that this is possible and have therefore en- 
deavoured to determine TTq independently of the curves. Wq may be 
expressed mathematically by the equation Wq — jTdl when T is the 
maximum tension of the string and 7 the length of the pull in the direction 
of the string, thus TFo is represented by the area of a curve the ordinates 
of which are T and the abscissa of which is the length of the pull. This 
area can be measured by means of a planimeter and we are thus able to 
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determine Tr„ with considerable accuracy if we can only determine T in 
a definite number of points and the length of the pull. To determine T 
we fix the string around the smallest pulley of the wheel and between thi> 
and the handle we insert a Collin’s dynamometer. The scale for pull on 
the dynamometer may be very incorrect and the apparatus must therefore' 
be carefully calibrated before, use. Apart from this the dynamometer is a 
very suitable instrument for the present purpose as the change of form 
caused by the pull exercised by a man’s arm is negligible, the pull being 
thus really isometric. When doing an c-xperiment the subject places his 
arm on the table in the usual manner and the length of the string being 
successively varied makes a series of maximal pulls against the dynamo- 
meter. The corresponding positions of the handle have been determined 
graphically. When the height of the axis of the elbow-joint and that of 
the axis of the wheel above the table on which the arm is resting and the 
horizontal distance between the two axes .are known and when the length 
of the forearm (i.e. the distance from the .axis of the elbow to the centre 
of the handle) and the height of the centre of the handle are determined 
in each position the whole movement may be figured graphically in natural 
size on a sheet of paper. During the pull the wrist-joint is always some- 
what bent (see Fig. 1 in Hill’s paper), and this flexion increases a little as 
the flexion in the elbow proceeds, thus the length of the forearm ns defined 
above decreases to a corresponding extent and the curve described by the 
centre of the handle aroimd the axis of the elbow-joint is not exactly a 
circle. If in addition the angle between the line from the centre of the 
elbow-joint to the centre of the handle (the mech.anical axis of the forearm) 
and the anatomical axis of the forearm is measured, the angles of flexion 
of the elbow-joint corresponding to the points in which the maximal tension 
of the string has been determined may be constructed graphically on the 
sheet. Of course measurements like these cannot be absolutely exact, but 
we feel sure that the unavoidable errors do not vitiate the results obtained 
in any serious manner. 

We have in the manner described determined ir,, in a number of experi- 
mental series on two male subjects, each seriesbeginningatthesmallest angle 
of flexion and going to maximal flexion and back again. In corresponding 
positions the average of the dynamometer readings ivere taken; the angle 
of flexion of the elbow is reckoned from the table to the anatomical axis 
of the forearm. The “length of the pull” has been found by projecting 
the curve described by the handle on the various directions of the string 
as determined in the points mentioned above. The areas determined by 
the tension curves and the coordinate axes represent the theoretical 
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Table I. 

k .1. L. 

t 

Tl’ 

ir„-Tr 

h 

•5 

7-40 

6-70 

.3-.3.5 iro=15-3 

•54 

’i-ll 

7-53 

4-00 

•625 

7-75 

6-35 

3-97 

•62 

8-46 

6-84 

4-24 

-74 

8-63 

5-47 

4-04 

•80 

9-18 

6-12 

4-89 

■97 

9-82 

4-28 

4-14 

1-07 

10-41 

4-89 

5-2.3 

1-475 

10-41 

3-69 

5-45 

1-5 

11-37 

3-93 

6-90 

2-17 

10-96 

3-14 

6-82 

2-4 

12-50 

g-80 

6-72 

5-03 

11-54 

2-56 

12-88 

5-1.5 

13-95 

1-35 

6-96 


The table shows, that h increases with increasing values of t. The two 
subjects behave in quite the same manner though quantitatively different, 
and the systematic character of the variation excludes possible errors on 
the time-determination as the cause. On the other hand it must be ad- 
mitted, that the determination of W involves an error which tends towards 
too low values for k in experiments on the larger pulleys. If we raise the 
table against the axis of the wheel about twice the radius of the largest 
pulley, Wq in the subject J. L. increases by *8 Idlogram-metre. Assuming 
Wq in a pull on this pulley to be 15-7 instead of 15-3, — W increases 

also by *4 kilogram-metre, and thus k will increase by about -2 or 5 p.c. 
The difference between k-, and is however T67 or about’ 43 p.c., and we 
do not doubt, therefore, that the increase in k is real. In the subject E. H. 
a rise in k due to the cause here concerned would only amount to 2-7 p.c., 
the difference between k^ and being 284 p.c. It may be added, that the 
variation in the values of k shows itself- in each single series of experiments, 
though in a less regular manner. It is most probable, that this fact has 
been overlooked by Hill, because his “equivalent masses” on the whole 
are remarkably smaller than ours, and it is only corresponding to the 
greatest “equivalent masses,” that k as a rule is quite out of proportion. 
The real cause may be, that Hi lbs W„ does not represent the theoretical 
maximum work but is a rather arbitrary figure as will be shown below. 

This point of - view has been confirmed , by a quite recent paper of 
Lupton(2). The author has introduced some technical improvements m 
Hill’s apparatus and has examined a number of subjects. His results 
agree with those of Hill. Lupton gives two tables from which we can 
calculate k. Table IV gives constant values, but when calculating k from 
Table V we find an unmistakable variation, though the value is com- 
paratively low corresponding to the largest “equivalent mass.” If 
suppose, however, that Wq in Table H'’ is increased by 1 kgm. and calculate 
k from this supposition we find values varying regularly from 3-41 to 4'88. 
If we further, for the subject E. H. in our Table I, suppose Tfo i'O 
instead of 14*1 we find a fairly constant Value for k. It is thus evident, 
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that the determination of is the turning point. And we do not doubt, 
that the of Hill andof Luptonis too low. The least difference — If 
is in the two tables of Lupton 1-2G and 1-23 respectively, but in out 
Table I the difference between JP on the “equivalent mass'’ corresponding 
nearly to the largest “equivalent mass'’ of Hill and on our largest 
“equivalent mass” is T13 and 2-58 respectively, and it is at least very 
probable, that other subjects would reach quite similar values for If if 
the “equivalent masses” pulled on were only large enough. We have in 
the above aln-ays e.vpresscd k in arbitrary terms but it is evident, that a 
translation into absolute units does not alter the relation. 

Hill regards b as a constant depending upon the coefficient of \'isco8ity 
of the muscle and varying with its mass. Eegarding our method tor deter- 
mining ir„ as more reliable than that of Hill we must hold, that k is 
not a constant but a variable including probably a constant viscosity- 
factor. The two points of view might seem to be in serious opposition; 
we believe, however, that the discrepancies are only small and propose 
the following explanation. 

The cause of the systematic variation in k must be sought in W which 
is related to time not only through the variations in the hnk k/l in Hill’s 
equation. We must assume, that the maximal tension con only be main- 
tained for a fraction of a second. The whole problem is rather complicated 
and cannot be finally solved at present, but we ^^^ll try to clear up the 
outlines of the question. First it must be remembered, that the term 
maximum tension cannot be e.xactly defined a priori. If the “all-or-none” 
principle is valid also for skeletal muscles which we nill assume at least 
so far as the tension is concerned, then the maximum tension is obtained 
when all the individual fibres are stimulated simultaneously. This may be 
possible when experimenting on the isolated muscle, though no one Icnows 
if a maximal stimulus really excites all fibres or only “the largest possible 
number.” As for human muscles in situ when an artificial stimulus is applied 
it is very improbable, that all the fibres in a muscle are caused to contract 
simultaneously, because the strong electrical stimuli give rise to severe 
pain in the skin, and we possess no means of ascertaining whether all fibres 
contract or only a fraction of the whole number. On the other hand every 
one who has experience of having his muscles stimulated by electrical 
stimuli knows, that it is possible in this way to obtain contractions of a 
force which it is quite impossible to reproduce voluntarily. It is Hkewise 
a well-known fact, that lunatics or patients suffering from convulsions or 
tetanus may develop a muscular force quite out of proportion to what 
the same persons are able to yield when normal. Therefore, when a muscle 
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on voluntarily innervated muscles tlie “fatigue factor” cannot be omitted, 
it is just as physiological and just as unavoidable as is the “viscosity- 
factor.” The sort of “fatigue” here concerned does not show itself on the 
work done on the large “equivalent masses” only but may be traced 
backwards also to the work against the small “equivalent masses.” The 
other alternative, that Wg might be defined in such a manner, that allowance 
was made for the “fatigue factor,” is likevdse out of question, theoretically, 
because TFq then would be not a constant but a variable, practically, 
because it would claim an overwhelming work to determine a series of 
values of TFq related to different values of t and W. TFo determined by- 
Hi 11 only- corresponds to a certain definite value of i. for smaller values 
of t it would have a greater value. The equation of Hill is not erroneous 
but it is incomplete, making no allowance for a factor which is unavoidably- 
related to voluntary contraction. 

This being so the efficiency of the work cannot be calculated as done 
by Hill. We have therefore endeavoured to find out the efficiency by 
determining the increase in oxygen consumption due to the work, but 
unfortunately also this way is impracticable. The “static work” necessary 
to maintain the position of the body during a heavy pull is so overwhelming, 
that the efficiency of the work done in the pull calculated from these data 
only amounts to a small percentage. The experiments have been carried 
out by means of Douglas -bags. The base-line was determined in a five 
minute experiment on the standing, resting subject. Then in the moment 
when the pull began the tap was turned to a new bag and an experiment 
lasting 5 or 6 minutes was performed; after this experiment the tap was 
turned directly to a third bag and a third experiment lasting 4 to o minutes 
begun. During the work the subject always holds his breath, thus the 
whole increase in the gas exchange takes place after cessation of work. 
Table II shows the results. 

Table II. 




Work 

E.xcess of 0. 



“Equiv, 

.v 

, 

, 

V 

Efficiency 

Subject 

mas.?.” 

kgm. 

Cal. 

c.c. 

Cal. 

per cent. 

E. H. 

60 

7-4 

•0174 

143 

•704 

2-5 


235 

9-8 

•0230 

198 

•975 

2-4 


6849 

11-.55 

•0270 

340 

1-68 

1-6 

J.L. 

60 

7-8 

•0183 

137 

•056 

2-8 


23.5 

10-4 

•0244 

212 

1-020 

2-4 


5849 

13-95 

•0326 

408 

1-950 

1-7 


The oxygen consumption reaches the resting level within o to 6 
minutes. Assuming the eflS.ciency of the work on the “eq. mass 235 
(duration of the pull about 1 second) to be 25 p.c. the total heat production, 
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^ H, in the case of E. H. should amount to -092 cal. or about 19 c.c. of 
oxygen. Thus the “static work” demands -883 cal. or, the efficiency of 
maximum “static work” being some 50 p.c,, it amounts to 189 kgm. or 
nearly twenty times the work done on the wheel. These experiments seem 
to show, that the only way to obtain reliable figures for the efficiency of 
human muscles is the determination of the oxygen consumption in working 
experiments, where the “static work” is insignificant as compared with 
the dynamic work. This demand may be fulfilled by work on the bicycle- 

( ergometer. 

‘ Regarding the hexora of the elbow Hill is not rightly informed by 
Prof. Stopford. This group of muscles has been very thoroughly in- 
vestigated by Braune and FischertSjandinouropinionitwouldrequire 
very strong reasons to discard their experimental results. The muscles in 
question are: Jim. brachialis internus, biceps brachii, bracliio-radialis, 
extensor carpi radialis longus and pronator teres. These muscles are at 
work when the elbow-joint is bent and other muscles have no appreciable 
influence on this movement. Other muscles may however influenee the 
position of the elbow on the table and thus indirectly the pull on the 
string. It is therefore a sufficient and necessary condition to get a pure 
action of the flexors of the elbow on the string, that the arm and shoulder 
are fixed on the table; when this condition is fulfilled it is quite impossible 
for other muscles, e.ff. the peotoralis, to act on the string, and the position 
•of head and neck, trunk or legs is absolutely irrelevant. As, however, it 
may be difficult in the beginning to keep the arm quiet owing to the great 
number of muscles put in static action to secure the stability of the body 
during the pull, it will be preferable, as done by Hill, to order the subject 
always to maintain a definite position during the experiment. 

From the work diagram (see p. 291) combined with the angles of 
flexion of the elbow-joint as measured on the graph, the shortening of the 
museles as given in the tables of Braune and Fischer and the relative 
cross-sections of the muscles concerned we are able to calculate the maxi- 
mum tension of the muscles and its variation with the angle of 'flexion. 
Such a calculation may claim some interest, as the tension of human muscles 
and its variation with the shortening of the muscles has hitherto been a 
matter of discussion. The tensions are given corresponding to the mean of 
the intervals between the points fixed when determining W„ . The shortening 
of the muscles in these intervals isinterpolated from the average table of 
Braune and Fischer. We believe, that these values may be used in a 
concrete case without any serious error. On the other hand the cross- 
sections or the masses of the muscles vary so enormously according to the 


300 


T. E. HANSEN AND J. LINDHARD. 


Wien we have ciosen to give the actual tensions of the muscles and 
not to consider their cross-sections the reason is not only the great variations 
found in the anatomical data and the impossibihly to obtain any measure- 
ment in a concrete case, but we must, according to our opinion set forward 
above, consider the maximum tension as an index of the innervating power 
of the subject. The ma xi mu m tension on the unit of cross-section of one or 
other human muscle stimulated with artificial maximum stimuli cannot be 
supposed to vary to any great extent; on the other hand the tension actually 
found by volxmtary maximum stimulation may vary very much in different 
subjects, and it may vary in the same subject from day to day under the 
influence of training or fatigue. The fact, that the maximum work done 
in a very plain movement increases conspicuously from one day to an- 
other, is indeed a strong support to our view. 

Summary. 

The theoretical maximum work of the flexors of the elbow has been 
determined. The maximum tension of these muscles and its variation with 
the angle of flexion of the joint is given. 

It is shown, that Hill’s equation, W = Wo — k/f, is not valid in its 
present form for voluntarily stimulated muscles. 

For valuable advice we are indebted to J. P. Moller, B.Sc. 
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CALCIUM CHLORIDE ACIDOSIS. 

By J B S HALDANE, R HILL, and J M LUCK 


{From the Biochemical Laboratory, Oatnbrulye ) 

Gyorgki) has shown that Lalciiiiii chloride, when administered to 
babies, causes an increased ammonia and acid output in the urine The 
experiment here described w as made on J B S H (100 kilos) and lasted 
for 13 daj s, dunng three of w hich he drank 85 grams ( 766 gram molecule) 
of calcium chloride in 3 5 litres of water (fhe food intake was apjiroxi 
mately constant through the experiment The water intake, where above 
normal, is show n in the table 

Alveolar carbon dioxide was estimated bj the Haldane Priestley 
method, each daily \aluo being the mean of four pairs of samples In 
the urine yiH was estimated witli Clark-Liibs indicators and buffer 
mixtures, acid excretion by titration to pH 9 with 1 N soda and thjinol 
blue, buffer excretion by titrating back to pH 3-7 with 1 N hjdroohlorio 
acid and thymol blue A small correction, rarely exceeding 1 p o , was 
made for the acid unconibmed at the latter reaction Ammonia was 
estimated by van Slyke’s( 2 ) method, phosphates with uranium acetate, 
chlonde by Volhard’s, and calcium by JIcCrudden’s(3) method 
A Colc-Onslow(4) comparator xvas used when necessary Fsecal car 
bonate was estimated as carbon dioxide in J S Haldane’s(o) blood- 
gas apparatus, faecal phosphorus with uranium acetate after boiling 
with nitric and sulphuric acids 

In order to bring 05 N ammonium chloride solution to pH 9 it was 
found necessary to add 16 p c of its equivalent of •! N soda, the salt 
being partly hjdroljsed, x\hile on subsequent addition of formaldehjde 
only 85 p 0 of its equivalent was needed to brmg it back to pH 9 Hence 
if we add the ammonia and acid excretions found in this research, we 
obtain a value for the total acid ehminated free and in combination with 
ammoma which is too high by 16 p c of the ammonia \alue 16 p c of 
the ammoma values have therefore been subtracted from the acid 
excretion, and the result gnen as “net acid ” If the ammonia is titrated 
with formaldehyde the total value is correct, except for the small error 
due to amino acids, but the ammom a value s are too low The buffering 
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between 9 and 3-7 is due in part to tbe hydrolysed fraction of the 
ammonia, in part to phosphates, each molecule of which buffers one 
equivalent of acid. The buffer excretions when these values have been 
deducted are given as “undetermined buffers.” Urines were collected in 
12 hour periods from 9.30 to 9.30. Quantities ingested and excreted 
are given in milligram-molecules, or c.c. N solution per 12 hrs. 

Calcium chloride in 3 p.c. solution produced no nausea, but there was 
intense diarrhoea, followed by constipation due to the formation of a 
large hard fsecal mass. There was great general discomfort, pains in the 
head, hmbs and back, and disturbed nights. These effects never occur 
with ammonium chloride, and must be attributed to the calcium. The 
alveolar carbon dioxide fell, while acid, ammonia, and phosphate excre- 
tion rose, their relations being similar to those found by Haldane{6) in 
ammonium chloride intoxication and leaving- no doubt that an acidosis 
is produced. The cH soon reached its maximum, followed by acid and 
phosphate excretion, and shghtly later by ammonia and the carbon 
dioxide minimum. The ammonia excretion was still four times normal 
when the acid and phosphate had returned to their usual values. This 
was due to a depletion of the phosphate available for excretion, whikt 
there were still sources for arnmonia. The same cause accounts for the 
exaggerated diurnal drop in phosphate excretion. The fell to a fairly 
steady minimum value of 4*9 comparable to that of 4-7 recorded by 
Henderson and Palmer (7). It is probably analogous to the maximal 
concentrations of urea, chloride, and bicarbonate found by Am bard 
and Papin(8) and Davies, Haldane and Peskett(9). Its early fall 
may betoken renal fatigue. There was no evidence of a maximal con- 
centration of any other constituent being reached, though on the night 
of the 20th-21st the ammonia reached -250 iV and the acidity *131 A. 
The buffers varied greatly, the undetermined buffers much less, the 
extreme values for daily excretion being 75-9 and 57-4, though the- 
results of the 25th suggest that they can be washed out by drinking. 
Their relative steadiness is intelligible since the most important weak 
electrolytes in urine unanalysed here are uric acid and creatinine. The 
phosphates on the average only contributed one-third of the total 
buffering power, while the ammonia occasionally contributed more than 
the phosphates. 

The calcium excretion fell to nearly normal figures -within 12 hours 
of the last salt being taken. The extra calcium in the urine before this 
time accounts for only 9-3 p.c. of that ingested. The small increase in 
the calcium excretion which remained is probably to be attributed to 
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the acidosis, as in the experiments of Givens and Mende](iO), The 
chloride figures show that 1-41 gram molecule above normal was excreted 
within 12 hours of the last salt being taken, out of 1'43 ingested, so the 
chloride must have been completely absorbed. 

The negative balance of urinary phosphorus amounted to 85'8 
millimols, or 2-66 grams on Oct. 21st, but taking the experiment as a 
whole it was only -37 gram, which may well be due to irregularity of 
the diet. There can therefore have been little increased loss of phos- 
phorus in the fojces. It was impossible to collect these completely, but 
a stool of Oct. 19th contained 11-2 p.c. of solids, which gave off 71 o.c. 
of carbon dioxide at 0° and 760 mm. per gram on the addition of acid. 
This corresponds to a calcium carbonate content of 31-6 p.c. If all the 
fa:cal phosphorus found was present as calcium phosphate (Ca^PjOg), 
(and aceording to RogozinskitU) about half of it is organic) the calcium 
phosphate only amounted to 9-3 p.c. of the dry weight. So at least 
3-5 times as much calcium was being excreted in combination with 
carbonic as with phosphoric acid. A sample of normal faioes contained 
only '16 p.c. of calcium carbonate, even if all the combined carbon 
dioxide was in this form. No hydrogen sulphide was evolved on adding 
acid. There can be no doubt that calcium carbonate excretion was the 
main cause of the acidosis. In the neutral intestinal contents calomm 
carbonate was precipitated, bringing down the carbonate of the digestive 
juices and replacing it by chloride which was re-absorbed in accordance 
ivith the equation 

CaCh + 2 NaHC 03 = CaCOa-l- 2NaCl + COj -k HjO. 

Thus, as has been shown to be the case by Baird, Douglas, Haldane 
and Priestley(i 2 ) in ammonium chloride acidosis, the HCO' 0 of the 
plasma and tissues is partly replaced by Cl', the alveolar carbon dioxide 
falling simultaneously so as to keep the cH of the blood approximately 
constant. 

The alveolar carbon dioxide with a normal acid and ammonia 
excretion was 34-35 mm. as against 39-40 mm. in 1920, and 37-38 in 
the springs of 1922 and 1923. There was no evidence of kidney disease, 
and we are unable to account for the changes. The ammonia + acid 
excretion showed a roughly linear relation with the alveolar 00 ^ as in 
1920, but in this case the Id'dneys were somewhat more responsive, 
excreting as much acid -k ammonia at low alveolar CO 2 pressures, and 
less at high ones. 

Mr R. Webb, of the Pathological Laboratory, very kindly estimated 
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the haemoglobin of the blood on Oct. 19, 20, and 23, and performed 
cell-counts on the first two dates. In addition, the haemoglobin and 
cells were determined after the close of the experiment. The haemo- 
globins were 12'5, 12-5 and 10 p.c. above normal, while the red blood 
corpuscles were increased by 10 and 8 p.c., the whites by 31 and 30 p.c., 
the increase in lymphoc 3 rfces being especially marked. There was thus a 
concentration of the blood as found by Baird et al.(i 2 ) with ammonium 
chloride. 

Calcium chloride has been successfully used by BlumflS) and his 
pupils in the treatment of dropsy, oedema and exudations. They find 
that large oral doses produce diuresis which may outlast the treatment 
for days, and great loss of sodium. The plasma proteins become more 
concentrated, and the weight falls. During calcium chloride ingestion 
in this experiment there was a large loss of water, partly by diarrhoea, 
and of sodium or potassium since the chloride excretion increased very 
much more than that of ammonia. Later there was retention of water, 
accompanied by thirst from Oct. 21st to 24th inclusive. There was also 
very great sodium or potassium retention, the ammonia excreted being 
sometimes enough to neutralize all the phosphoric and hydrochloric 
acids. Blum attributes the loss of sodium and water to antagonism 
between sodium and calcium, but this cannot be correct since the effect 
of ammonium chloride is precisely similar. In both cases HCO '3 is 
replaced by Cl' in the blood and tissues. But so great is the loss of salt 
and water that the total amount of chlorine in the body remains unaltered. 
This appears from the urine analyses and also from the following observa- 
tion. During a severe ammonium chloride acidosis 40 grams of sodium 
bicarbonate were eaten with water in two hours. This would normally 
cause diuresis and bicarbonate excretion. But neither took place nor 
did any extra chlorides appear in the urine. All this salt was therefore 
retained, the change of reaction making this possible. 

A possible explanation of these phenomena is as follows. The reaction 
of the arterial plasma is kept nearly constant by the respiratory centre, 
but that of the tissues and capillary blood becomes more acid owing 
to loss of Buffering power. Por the excess of COg pressure in the tissues 
over that in the blood, and the excess of COg content of venous over 
arterial blood presumably remain unaltered, and therefore form larger 
proportions of the total COj. The increase in, haemoglobin and other 
protein content is not enough to counteract this effect. The increased 
i acidity brings the blood and tissue proteins nearer to their isoelectoc 
\ points, and they therefore release cations which they-are holding m 
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Donnan equilibrium, and diminish their osmotic pressure, thus losiiu' 
water. If this view is correct, ammonium chloride or phosphate should 
prove a valuable alternative to calcium chloride nhere the latter l^ 
indicated as a diuretic. 


SuMWAnv. 

1. Calcium chloride taken orally is mainly cvereted m the fajccs as 
calcium carbonate, the Cl' replacing HCO', m the bodi' and causinu 
acidosis 

2. In calcium chloride and ammonium chloride acidosis the bodv 
loses water and salts. 

3. Phosphates and ammonia account for less than half the buffering 
of normal urine between pH 3-7 and 9 0, but for more than half during 
acidosis. 
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48 9 

27 0 


81 

24 

— 

400 

35 0 

1258 

04 + 

54 3 

27 2 

18 5 

60 

43 7 

28 4 


— 

24-25 

-- 




5C0 

0 1 

37 4 

24 8 

18 8 

15 0 

50 0 

29 0 

-— 

— 

25 

— 

od Ub. 

34 7 

1080 

0 4 

49 9 

28 6 

20 5 

08 

61 2 

46 4 


— 

25-20 

— 



— 

502 



25 0 

20 3 

22 3 

19 2 

47 8 

24 0 

• — . 

— 

26 

— 

ud lib 

33 9 

2020 



42 8 

24 8 

180 

10 3 

547 

37 0 

— 

— 

20-27 






473 



22 8 

310 

28 0 

20 3 

52 3 

23.3 


— 

27 

— 

ad hb 

33 9 

1464 



31 7 

21 8 

10 7 

12 3 

540 

37 3 

— 

— 

27-28 

— 





472 





— 

— 

190 

— 

— ■ 


— 

28 

— 

ad Ub 



2030 



— 

— 



13 1 

— 

— 

-- 

— 

28-29 

— 

— 

— 

343 

— 

— 

— 

— 

20 9 

— 

— 

-- 

— 



306 J. B. S. HALDANE, R. HILL AND J. M. LUCK. 


REFERENCES. 

(1) Gyorgy. Klin. Woch. 1. p. 1398. 1922, 

(2) Van Slyke and Cullen. J. Biol. Chem. 19. p. 220. 1914. 

(3} McCrudden. J. Biol. Chem. 10. p. 187. 1911. 

(4) Cole. Practical Physiological Chemistry, p. 276. 1920. 

(5) J. S. Haldane. J. Path.' and Bact. 23. p. 443. 1920. 

(6) J, B. S. Haldane. This Journal, 55. p. 265. 1921. 

(7) Henderson and Palmer. J. Biol. Chem. 14. p. 81. 1913 

(8) Ambard et Papin. Arch. int. de Physiol. 8. p. 432. 1909. 

(9) Davies, Haldane and Peskett. This Journal, 56. p. 269. 1922. 

(10) Givens and Mendel. J. Biol. Chem. 31. p. 421. 1917. 

(11) Rogozinski. Bull. int. Ac. Sci. Cracovie, B. p. 260. 1910, 

(12) Baird, Douglas, Haldane and Priestley. Proc. Physiol. Soc. p. xU. This Journal, 

57. 1923. 

(13) Blum. Comptes Rendus, 173. p. 744. 1921. 

Blum, Aubel et Hausknecht. C.R. soc. de biol. 85. p. 950, 1921. 

Blum, Aubel et Hausknecht. Bull. soc. med. des hop. Paris. Nov. 1921. Peb. 
1922, 

Levy, C, R. Soc, de biol. 86. p. 873. 1922. 



THE SYMPATHETIC INNERVATION AND THE 
PROCESS OF NORMAL SALIVARY SECRETION’. 
By W. E. AIABVSKY. 


{From the Physiological Laboratory, V nirersity of Odessa.) 

In the works of Heidonhain(i), Langley(2), Carlson, Greer and 
BeohtO), Carlson and MoLeanW, and Babkin(5) no special import- 
ance is given to the secretory fibres of the sympathetic nerve. In this 
paper I give an account of experiments on the relation of the sympathetic 
to the reflex secretion of saliva. 

My investigations were performed on a dog uith permanent fistulas 
of mixed glands (submaxillary and sublingual glands) and the parotid gland 
on the left side. On April 15th the dog was anajsthetised; a considerable 
piece of the left lingual nerve was cut out tvith the chorda tympani, so 
that the mi.xed glands were innervated by the sympathetic nerves and by 
these only. On the day after the operation the dog was fed with a mixture 
of meat and biscuit powder. Immediately saliva flowed out of the duct 
of the parotid, but not a drop came from the ducts of the mixed glands, 
i.e. the results were the same as those observed long ago on acute as well 
as on chronic experiments by all who have studied reflexes of the mouth 
area. The next day and on the fourth day, I again fed the dog, and again 
not a drop of saliva flowed out. Then 1 c.c. of -25 p.c. solution of pilo- 
carpine was injected subcutaneously, i.e. a total of 2-5 mgr. After a short 
interval saliva began to flow and the quantity of saliva was measured every 
five minutes. The secretion of saliva, after first increasing, began to de- 
crease. I then fed the dog several times during five minutes with meat 
and biscuit powder. The mixed glands, although the chorda was cut, 
secreted a visibly greater amount of saliva during the time the dog was 
fed. Evidently the impulses of the mouth area reaching the salivary centre 
were transmitted to the gland by the sympathetic nerve. The amount of 
saliva after 0-8 c.c. increased during the feeding to 1-3 c.c. 

Ap. 19. 1 C.C. 0-25 p.c. pilocarpin solution was injected under the skin. Saliva in sue- 
cessive 6 minutes (mixed glands) : 0, 0-7, 1-0, 1-3, 1-2 , 0 9 , 0 S, 0 8, l-3‘, 0 S, 0 4, 0 3, 0 3, 0 2. 

’ The fundamental facts of this study have been reported in the meetings of the 
Medical Society at the Odessa Univeraity, May 27tb, 1919. 

“ Fed with meat and biscuit powder. 
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I may mention that if the animal is not fed the curve of the salivary 
secretion under pilocarpine from the denervated gland, after beginning to 
fall, never rises. The following experiment .shows the effect of pilocarpine 
alone, 

Ap. 28. 1 c.c. of -25 p.e. solution of pilocarpine injected under tiie skin. The amount 
of saliva was recorded everv r> minutes. 

Mis. gl 0, 1-2, 1'8, 1-8, '1-9, l-S, 1-4, 1-4, 1-2, 0-9, 0-8, 0-7, 0-3, 04. 

Parotid 0, 0-5, 0-8, 0-75, 0-7, 0 8, 0-53, 0-6, 04, 0-4, 0-2, 04, 0-2, 0-3. 

"VlTien during the “pilocarpine" secretion the dog was fed or Itad a 
*25 p.c. solution of hydrochloric acid poured into its mouth, the results 
were as follows; 

Ap. 22. Mi-V. gl. 0, 24, 4-6, 4-8, 4-0, 3-9, 6-0i. 2-7, 1-8, 3-1 >, 2-0. 

Parotid 0, 0-6. 1-3. 1-3, 1-2, 1-0, 2-7, 0-8, 0-.>, 2-9, 0-4. 

BL g. 1-6, 1-2, 0-9. 

P. 0-,33, 0-3, 0-2. 

' Fed TvitU meat and biacuit powder. 

Mix-, gl. 0, 1-5, 3-7, 3-7, 3-1, 3-5», 2-1, l-7=, 2-5M-3, 0-9. 

Parotid 0, 0-8, 1-5, 1-1, 1-2, 31, 0-8, 0-8, 2-9, 1-0, 0-1. 

M. g. 1-11,0-4. 0-3, 0-2, 0-2, 0-3‘. 

Par. 4-3, 0-03, 0-2, 0 03, 0-05, 1-7. 

1 Hydrochloric acid. * Water. = jjeat and biscuit powder. i Bread. 

The increase of the quantity of saliva during the feeding or during the 
infusion of hydrochloric acid is very distinctly shown in these experiments. 
But on pouring water into the mouth although the dog moved its jaws 
and sw'allowed the water, the amount of saliva decreased as if nothing 
had been given. Consequently there was no squeezing out of the secretion 
during mastication and swallowing. 

In order to make certain that a real reflex of the mouth area through 
the sympathetic nerve has been exhibited here, I cut the sympathetic 
nerve whilst the pilocarpine salivary secretion w*as going on. On April 
27th the dog was anaesthetised with aether and chloroform, hut without 
morphia. The left vago-sympathetic was isolated and a thread passed 
underneath it; the ends of this were placed under the sltin to enable the , 
nerve to be pulled out of the wound, and the sldn was sutured. The next 
day the dog showed no ill effects of the operation. On feeding the dog with 
meat and biscuit powder the usual effect of increase of the outflow was 
produced. The vago-sympathetic nerve was then lifted on the thread and 
cut. The dog endured the operation quite calmly and during the first five 
minutes immediately after, it ate as willingly as before. The secretion in 
each five minutes after giving pilocarpine was as follows; 

\Ap 28. Mix. gl. 0-2, 2-3, 3-4, 3-4, 3-9, 3-45, 6-0i, 2-1®, l-4i. 

\ Parotid 0-07, 1-0, 1-1, 1-2, 1-1, 0-9, 2-8, 0-4, 2-0. 

\ M.g. 14, 14, 14, 14, 1-3M-1, 0-9. 

\ Par. 0-2, 0-3, 0-5, 04, 1*9, 0-3, 0-05. 

* Meat and biscuit powder. * N. Vago-sympathetic cut. 
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This experiment shows that the sympathetic nerve participates in the 
transmission of the reflexes from the month area. Before the secretion of 
the syrapatlietic feeding caused the quantity of saliva to rise from 3-45 c.c. 
to G'O c.c. ; and section of the sympathetic nerve put an end to any increase 
of secretion. 

Anrcp(7) lias attributed the augmented secretion to a contraction of 
the ducts. This c.xplanation does not satisfactorily account for the increased 
secretion described here, since in some of the experiments (Exp. Ap. 19) 
there was no decrease in the secretion in the five minutes following feeding 
and there should be a decrease if the ducts contracted. I conclude that 
the impulses sot up in the sympathetic by feeding pass in part at any rate 
by secretory nerve fibres. In the course of following months the dog was 
repeatedl.v fed during the pilocarpine secretion, but always without any 
influence on the salivary secretion. But the parotid gland, the cranial 
nerve to which was intact, continued to respond to stimulations in the 
mouth area, by reflex salivary secretion. 

In this e.xperiment (Ap. 28) the pilocarpine salivary secretion from the 
mixed glands remained at about the same rate for 25 minutes. I did not find 
this either in the preceding or in the following experiments. A possible 
reason for the maintenance of the rate may have been a continued dilation 
of the gland vessels such as has been noted by Burton-Opitz(S) in acute 
experiments after the section of the sympathetic nerve. It is also possible 
that there was some stimulation proceeding from the cut end of the nerve. 
I may add, that the absence of marked increase of salivary flow in the 
above case, and merely its prolongation, speaks to a certain degree against 
the vascular origin of the increased secretion of the pilocarpinised salivary 
gland during the e.xcitation of the mouth. After the section of the vago- 
sympathetic, the diminution of the tone of blood vessels of the salivary 
gland was maximal. Nevertheless this dilation of salivary blood vessels 
did not increase the secretion to the same degree as the feeding of the animal 
or pouring into the mouth of hydrochlorie acid. This question ought, how- 
ever, to be especially investigated. 

I calculated the increase of pilocarpine secretion after introducing into 
the mouth some meat powder or hydrochloric acid. The average figures 
were as foUoivs: When meat powder or meat and biscuit powder was given 
the increase was l-GI times in 5 minutes (average from 0 experiments), 
but when the acid was poured in 1-12. In reality the increase is greater, 
because in the caleulation no account is taken of the normal decrease in 
rate of secretion. 

I may mention that feeding with bread caused similarly less secretion 
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than feeding with meat and biscuit powder. The fact that reflex sympathetic 
secretion is produced in unequal quantities by different foods shows, 
I consider, that the sympathetic can conduct secretory impulses of different 
kinds. This conclusion is in harmony with that, of Bab kin (6) with regard 
to the chorda tympani. 

A few words may be added about the parotid of the same dog. My 
experiments on this gland were few, but so far as they went it seemed clear 
that section of the sympathetic decreased the amount of saliva caused by a 
given stimulus. The absolute increase is, of course, greater the less the rate 
of secretion before feeding. In one experiment the secretion before feeding 
was 0-1 c.c. in 5 minutes and feeding increased the secretion to 4-3 c.c. — I'.e. 
43 times. After cutting the sympathetic the secretion before feeding was 
also 0-1 c.c. but feeding only increased it to 1-3 c.c., i.e. 13 times. In the 
Exp. of April 28th feeding had previously increased the secretion from 
0-5 c.c. to.2-9 c.c.,' i.e. 5-8 times. On April 28th after cutting the sympathetic 
feeding only increased the secretion from 0-4 c.c. to 1-9 c.c., i.e. 4-7 times. 

The fact of the transmission of the reflex from the mouth area along 
the sympathetic nerve shown on the dog with permanent salivary fistulas 
was verified on acute experiments and fully confirmed. But, of course, 
it was also necessary to create the conditions requisite for its appearance. 
When in acute experiment with the dog, we cut the chorda t 3 mpani we 
did not obtain the reflex by rubbing the tongue and other parts of the 
mouth with wadding moistened in a 0-5 p.c. solution of HCl. It was, 
however, only necessary tb inject pilocarpine or, instead of it, to excite by 
electric current the peripheral end of the cut chorda, to call forth the 
reflex action along the sympathetic nerve. I give below extracts of the 
acute experiments. 

Ezp. 1. Dog anassthetised Tvith chloroform and morphia. Duct of the left submaxillary 
gland prepared, a cannula is introduced into it, and this connected with a graduated 
glass tube. Pilocarpine injected. The movement of saliva after the chorda was cut, in every 
30 seconds in the divisions of the tube, was as follows : 

4J, 4, 3J, 4Jb 8, 6, 4, 5, 4J, 5, .3, 3. 

1 Rubbing the mouth with a -5 p.c. solution of hydrochloric acid. 

After the left cervical vago-sympathetic nerve had been cut, the saliva flow was: 

3, 4, 3J, 3J, 3, 4>, 3J, 2i, 3, 2J, 3^. 

^ Rubbing the mouth with a *5 p.c. solution of hydrochloric acid. 

Exp. 2. Dog was first ansesthetised with aether and chloroform — then curari and mo^WS' 
were used. The method was the same as in Exp. 1 but the peripheral end of the choroa 
tvmpani was stimulated by faradio currents for minutes instead of injecting puo- 
cai'oine. When the after flow of saliva was slow acid was placed in the mouth. 

17.2J. 3,13Jb6, l,i, 1. 

1 Rubbing the mouth with a -o p.c. solution of hydrochloric acid. 
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Alter this the cervical vago-sympathetic was rut and the stimulation of the chorda 
was continncd for four minutes. 

The after action: 3, 11, II, 1*, 0, 1, 0*, 0. 

* Rubbing the mouth with a solution of -5 p.c. of hydrochloric acid. 

The last experiment is specially valuable because no secretory poison 
was given and the stimulus was strictly localised in the area of chorda 
tympani. 

In view of the above-mentioned facts, we must conclude that a certain 
degree of preliminary irritability of the gland is necessary for the manifesta- 
tion of the capacity of the sympathetic nerve to transmit the reflexes from 
the mouth region. In the normal working of the gland this condition 
c.xists when the gland is stimulated by the cranial nerve; the sympathetic 
can then join in the secretory action. Although the nervous impulses 
passing by the sympathetic in the mouth reflex have no visible effect in 
the absence of a certain degree of gland excitability, it does not follow 
they have no effect. It is possible that with more delicate methods or by 
microscopic e.xamination some changes may be observable. 

We may now consider the “augmented secretion” obtained by the 
irritation of the sympathetic nerve demonstrated in 1888-1889 by 
Langlcypo) (see also Bradford(S)). If we give our attention to the 
extract of my Exp. 2 in which the reflex through the sympathetic nerve 
arose after preliminary excitation of the chorda tympani — we find a 
remarkable resemblance between my row of figures and the tables shown 
by LangleyfiO) for the illustration of “augmented secretionf.” The only 
apparent difference is that in my experiments the more natural method 
of excitation was employed. 

In the textbooks of physiology, the chapter on “augmented secretion” 
is isolated, and the “augmented secretion” is not mentioned in drawing 
up the general conclusions. It is now clear that the “augmented secretion” 
is only a special manifestation of the capacity of the sympathetic nerve 
and that it has a deep functional meaning. 

In reflex movements of the body, different stimuli work together to a 
common end; the resulting movement is a conjoint effect and not the result 
of simple summation of stimuli — a point which has been developed by 
AVedensky(ii, 12 ). In the salivary glands there is a similar conjoint 
action, but one which involves two nervous systems, the para-sympathetic 
and the sympathetic. So far I have only shown that the conjoint action 

^ In this 'work (p. 325) Langley has shown, apart from this, that during the pilocarpine 
salivary secretion of dog’s parotid gland, the stimulation of the sympathetic nerve is 
exhibited in a precise secretory effect. 
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affects the quantity of the saliva, but it is probable that it occurs also in 
the production of the organic substance. This I hope to investigate later. 

Some experiments of Malloizel(i3> bear on the questions discussed 
here. Malloizel made one observation on the effect of feeding in a dog 
with a fistula of the mixed glands after section of the chorda tympani and 
found that it caused no secretion. On the other hand he found that feeding 
still caused a slight secretion — 3 to 4 drops — after atropine had been given. 
This effect he did not obtain in another dog after excision of the su])erior 
cervical ganglion. These results suggest a reflex secretion by way of the 
sympathetic. Malloizel ‘s ati'opiue experiments were repeated by 
BabkinfC). Babkin found that atropine in the late stages of its action 
prevented any secretion being obtained by feeding. In the early stage. 
1-2 drops of saliva were obtained. This might have been due to imperfect 
paralysis of the chorda tympani or more probably, in view of my experi- 
ments, to the excitability of the gland being sufficient to allow an augmented 
secretion to be produced by way of the sympathetic. 

SUM.MABY. 

1. The sympathetic nerve is capable of transmitting reflexes from the 
mouth area, and has an important significance in the process of normal 
saliva secretion. 

2. The action of the sympathetic nerve manifests itself in conjoint 
action -with the cranial nerve. Thus nervous impulses reaching the glands 
through the sympathetic and the parasympathetic paths can act not only 
antagonistically, but also can give each other mutual support. 

3. The nature of the stimulus in the mouth region influences the 
amount of the activity of the secretory function of the sympathetic. 

In conclusion, I express ray thanks to Professor B. P. Babkin for the 
suggestion of this work and his adAuce throughout. 
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CREATINE FORMATION DURING TONIC MUSCLE 
CONTRACTION. By K. UYENO and T. MITSUDA. 


(From the Physiological and Biochemical Laboratories, Cambridge.) 

Creatine of the amphibition muscles in the breeding season. 
Kahs(1) found less creatine in the fle.xor muscles of the arm and a part 
of tlie pectoral muscle than in the muscles of the leg in the male frog 
while clasping the female in the breeding season. He interpreted this 
fact as a decrease of creatine in muscles contracting tonically. Ries3er(2) 
showed that this interpretation was not justified since in the frog the 
normal content of creatine is less in the arm than in the leg muscles, 
but he considered that creatine was not produced by the clasping con- 
traction. The contraction was held by Kahn to be tonic on account of 
the absence of action currents. 

As our experiments with nicotine (3) suggested that creatine is formed 
during the tonic contraction of frog’s muscle it seemed desirable to 
investigate the question on the clasping muscles. The fact shown by 
Riesscr is inconclusive as he did not compare the creatine of the normal 
frogs with that of the clasping frogs in the same season. Our scheme was, 
therefore, to compare the creatine of the arm and leg muscles in the 
breeding season in frogs and toads which were clasping and those which 
were not. Muscles taken for analysis were the fle.xor muscles of the arm 
and the pectoral muscles on one hand and the whole muscle of the hind 
limb, except small muscles of the foot, on the other. The muscles of the 
two sides were token. Creatine was estimated as creatinine by Folin’s 
method. For the comparison we use the quotient 
creatine in claspipg nuiscle^i jqq 
creatine in hind limb muscles ^ * 

since the creatine content of the normal frogs varies in fairly wide 
range so that it may sometimes cover the range of actual increase by 
tonic contraction^. 

Experiments were begun with toads. Males during clasping, most 
fre.shly caught, some from the laboratory stock, were observed for several 

* In accordance with custom we use the term “tonic contraction” for tlie persistent 
contractions dealt with in this paper, hut we do so without prejudice as to the nature or 
frequency of the nerre impulses causing them. 
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muscles were cut and after 4 hours, during which the cats were anajs- 
thetised with urethane, the muscles were taken for analysis. In the last 
series the cat was decerebrated, the motor nerves to muscles being cut 
on one side before decerebration, and killed after four hours. In all cases 
creatine was estimated as creatinine by Folin’s method. 

The results of the first series are shown in Table III. From this we 
see that the difference of the two sides is very slight though the absolute 
values differ in different muscles as well as in different cats. The per- 
centage difference varies from 0 to 3-5. Roughly spealdng there is a 
difference of about 2 p.c. Hence if we find any difference greater than 
this we may probably attribute it to an altered condition of the muscles. 

In Table IV we show the results of the second series. The amount of 
creatine was always less on the side on which the motor nerves were cut. 
Except in two cases of the triceps muscle, ffi one of which we noticed a 
distinct stiffness of the muscle on the side with intact motor nerve, the 
percentage difference was about 3. The decrease of creatine in paralysed 


inine (in p.c.) in decerebrate rigidity (cat). 


Bi.i; in. Comparison of the two sides in 
normal cats. 



Cat Right 

Diff. loft P.c. dill. 

brachii 

1 

•385 

-•007 

1-8 


3 

•613 

-r-007 

1-4 


5 

•450 

+ •004 

•9 


6 

•446 

+ •010 

2-3 

□reus 

1 

•390 


► 


■2 

•405 

-•(' 



3 

•421 

-1 



6 

•482 

+ •(. 


nemius 

2 

•435 




3 

•533 

- 



4 

•494 

- 



3 

•495 

- 


rabranosus 

4 

•414 

c 


.E IV. Section of motor nerves 


cats killed after 4 hours. 




Nerve 

i 



Cat 

intact 

nerve 


braohli 

1 

•056 

-•c 



2* 

•440 

-•1 



3 

•426 

I 

O 

OS 

o 


Tireus 

1 

•015 

-•018 



O 

•421 

-•009 



3 

•440 

-•014 


he fbre log 
nknoivn. 

was 

stiff and 

kept thrubi 



T.^ble V a. Decorebration, rigidity dcvciopc 
strongly, kept 4 hours. 


Cat 

Non-rigid 

Diff. rigid 

Triceps brachii " 

7 

•519 

+ •062 

' 481 

+ •040 

1 

i 

465 

+•040 ' 

Vastocrureus' 

1 

■{ -045 

/ 


+ •035 
+•059 

Ga. , 

■) 

+ •033 
+ •020 

Solcus 


+•016 
+ ■015 

* Bigi'' 

r^er in the 

in the fore 

.j 


Table V 


slight 


i 

■ (<- 

riceps ’ 


_.n 

JL 

jcru 


+ 
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muscle may be, as suggested by various workers, referred.either to the 
increased blood flow and consequent increased washing away of creatine 
or to a decreased formation of creatine in the paralysed muscles, or to 
, both of them. This question we have not investigated. 

R The results of the third series of the experiments are sho^vn in 
•Table V a. The percentage increase of creatine in the rigid muscles was 
7-7 to 13-2 in the triceps and vastocrureus and much less (about half) in 
the gastrocnemius and soleus. Pekelharing and Hoogenhuyze — 
who abolished rigidity by cutting posterior roots — found 7-9 to 19-4 p.c. 
in the triceps and Dusser de Barenne and Tervaert, — also cutting 
posterior roots, 1-5 to 9-7 in triceps and 1-9 to 1-1 in gastrocnemius. 
Vfe may point out that the difference of creatine was much less in the 
gastrocnemius, that this was corresponding to the less degree of rigidity, 
and that it was on the gastrocnemius that most of the experiments by 
Dusser de Barenne and Tervaert were made. The cases of de- 
cerebration in which rigidity was slight and not persistent or did not 
develop at all are shown in Table V 6. In these cases there was no 
distinct increase of creatine. Our results we think show that decerebrate 
rigidity is accompanied by a definite increase in creatine formation. 

SojfMARY. 

1. In male toads and frogs creatine was found to increase in the 
clasping muscles during coupling in the breeding season. 

2. In decerebrate rigidity creatine increases in the rigid muscles. 

We wish to thank Prof. Langley and Prof. Hopkins for the facilities 
given us in their laboratories. 
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■without food, though given water, for a period of 18-20 hours. At the 
end of this time, on the first occasion, a subcutaneous injection of 



4'7 mgm. of a batch of insulin was given. Samples of blood were with- 
dra'wn from the ear vein before the injection, and at various intervals 
after, and these showed that, in 2 hours from the injection, the per- 
centage of blood sugar had fallen from *112 to '038. On the second 
occasion the same dose of insuh'n was injected into the loose sldn of one 
flank, and immediately afterwards 4 c.c. of a 2”5 p.c. extract of fresh 
infundibular material were similarly injected into the opposite flank. 
At the end of 2 hours the percentage of sugar in the blood had not fallen 
at all, but, ■within the error of the method, was at the same level as 
before the injections took place. On the third occasion a similar dose of 
infundibular ex'tract to that previously used was injected by itself, m 
order to demonstrate its effect on the blood sugar. After a relatively 
small. initial rise, obvious at the end of 40 minutes, the blood sugar 
actually fell, being at the original level in 80 minutes, and clearly below 
it in 2 hours; the fall was maintained during the third and fourth hours, 
"l^he results obtained 'with rabbit 9, using a different preparation o 
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insulin and a commercial sample of posterior lobe extract, were in every 
way similar to those described for rabbit 7. Such results were confirmed 
on several other rabbits and demonstrated that injections of infundibular 
extract were able, according to the dose given, either to diminish or to 
abolish the fall produced by an injection of insulin. 

The cases shora in Table I made it additionally clear that this efieot 
of infundibular extract was not to be explained by its power when given 
alone of producing an increase of the blood sugar which, by algebraic 
summation, could compensate for the fall produced by insuhn. 

With reference to the effect of pituitary extract on the normal 
blood sugar, the behaviour of rabbit 7 was of some interest. The effect 
of subcutaneous injection, if any, is usually stated to be a rise. In the 
three experiments of this land on rabbit 7, there was, in each case, a 
transient rise of blood sugar, followed in 2 hours by a definite though 
slight fall, lasting at least 2 hours longer. In two other rabbits, again, 
the onl^ effect of subcutaneous injection of pituitary extract was a 
slight fall. In five other experiments, there occurred a simple rise of 
blood sugar of brief duration, and finally, in two experiments, the rise 
was considerable and prolonged. MTiile, therefore, these experiments 
confirmed the view that in some cases pituitary extract injected sub- 
cutaneously does cause hyperglycsemia, they also showed that, in others, 
the opposite condition may result, and that, even in these, the sirnul- 
taneous injection of pituitary e.xtract prevents the fall of blood sugar 
caused by insulin. 

The specific nature of the effect. Extracts of spleen, thymus, brain 
tissue, desiccated thyroid material, and anterior lobe of the pituitary 
gland were prepared and tested. With the exception of those from the 
thyroid and the anterior lobe, the extracts were obtained from the fresh 
tissues of the rabbit; the extract of thjwoid was made from desiccated 
sheep’s thyroid, and the anterior lobe extract from fresh ox pituitaries. 
The extraction was in all cases identical with that adopted for infundibular 
material, namely an extraction of weighed minced tissue, with a known 
amount of water, which was then faintly acidulated, boiled and filtered. 
The results with these extracts were uniformly negative; none of them 
affected, in either direction, the action of insulin, as determined in a 
control experiment on the same animal with the same dose of the same 
batch of insulin. 

Since it is known that histamine occurs in many organ extracts, an 
experiment in which 3 mgm. histamine di-phosphate was injected 
simultaneously with a small dose of insulin was carried out. Again the 
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result; in no way differed from that of the control experiment without 
histamine. 

A final proof of the specificity of the action of infundibular extract 
was obtained by taking advantage of the fact (Guggenheim(8), 
Dudley (9)) that the oxytoxic and pressor principles present in this 
extract are destroyed by exposure for 2 hours to the action of normal 
sodium hydroxide at room temperature. A sample of pituitary extract 
treated in this way and subsequently neutralised, was found to have 
lost not only its activnty on the isolated guinea pig’s uterus, but also the 
power to prevent the fall of blood sugar produced by insulin. The 
following experiment illustrates this: 

To a volume of posterior lobe extract, an equal volume of 2.^ NaOH was added. The 
mixture was allowed to stand for 1 J hours at 37° C. and then neutralised. A volume of 
this solution, representing a dose of the original extract known to abolish the fall produced 
bj’ a given dose of insulin, was then used for injection. The control experiments are shown : 

Rabbit 10. Wt. 3-7 kgm. 

Injections 


Blood sugar % 

7-4 mgm. 
Insulin A 
alone 

7^4 mgm. 
Insulin A 

3o.c. 1% 
ext. of dried 
inftmdibular 
material 

7-4 mgm. 
Insulin A 
•b 

same dose of 
inactivated 
infundibular 
extract 

Before injection 

•123 

•169 

•138 

40 mins, after 

•085 

•196 

■084 

60 

•080 

•188 

•082 

80 

•086 

•174 

•079 

100 

•087 

•171 

•085 

160 

— 

•139 

•084 


The third column of figures shows that after treatment of the 
pituitary extract tvith soda, its effect on the fall of blood sugar due to the 
insulin had disappeared. Hence it was evident that the ability of 
pituitary extract to suppress the eSect of insuhn depended on its content 
of a substance having the same instabihty to alkali as the known active 
principles. 

The effect of ‘pituitary extract 07i hypoglycce^^na. As Banting, Macleod 
and their colleagues (lO) have shown, a rabbit, after a large dose of insulin, 
passes into a condition in which periods of collapse alternate with periods 
of violent convulsions. It was found that, provided the dose was ade- 
quate, subcutaneous injection of infundibular extract never failed to 
remove all these symptoms in not more -than 10 minutes from the time 
of injection, the recovery closely resembling that observed after the 
injection of dextrose. The following experiments, in which relatively 
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large doses of postenor lobe extract were used, show that the disappear- 
ance of convulsions was m fact attended by a rapid elevation of the 
previously low percentage of sugar in the blood 


1 Rabbit Wt 2 6tcgm (see Fig 2) 


Injection 
20iDgin msulm 


Time 

Zqxo 
1 hour 
IJ hours 

a 


5 c c 10 % commercial 
infundibular extract 


From 2h 40xn 
to 2 h 57 m 
2h 67 m. 

3h 7m 
3h 20 m 


Symptoms 


Temporary convulsions 

ContmuouB convulsions 
and collapse 

Normal 


Blood 

sugar 

134 

051 

048 


092 


2 Rabbit Wt 2 6kgm 

Before injection of insulin Blood sugar 109 p e 
Alter injection 1 hour „ 047 

„ 2 hours „ 045 

3 „ 035 

„ 3 h 5 m Convulsions 

„ 3 15 4cc2pc extract dned infundibular 

material injected subcutaneously 
„ 3 20 Convulsions 

„ 3 25 Rabbit sits up and appears normal 

„ 3 35 Blood sugar 005 p c 



Fig 2 Effect of pituitary extract on the blood sugar of an animal m hypoglyc»mic 
convulsions Tnsulm injected at zero 
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In the first of these experiments a rabbit received an injection of 
insulin great enough to produce, after 160 minutes, a series of convulsive 
fits, in the intervals between which the animal was seen to be in a con- 
dition of collapse. At this point the percentage of blood sugar was certainly 
not greater than *048 p.c., a value observed one hour previously, and 
probably was below -04 p.c. Subcutaneous injection of pituitary extract 
led to the complete recovery of the animal wthin 10 minutes, and a 
sample of blood withdrawn 23 minutes after the injection contained 
•092 p.c. sugar. 

The effect of adrenaline on imidin hypoglyccemia. Since it has already 
been shown by Banting, Best, Collip, Macleod and Noble(U) that 
there exists ^an antagonism between the effect on the blood sugar of 
adrenaline and that of insulin, some experiitients were carried out to 
see what points of difference there were between the action of adrena- 
line and of pituitary extract in this respect. The observations on the 
relation of adrenaline and insulin fully confirmed what was found by the 
Toronto workers, for it was clear that the hyperglycaemic effect of a 
given dose of adrenaline was greatly reduced when the dose was given 
to an animal already under the influence of insulin. The experiments 

Table II. Rabbit 1. Wt. 3 kgm. On occasion of encii experiment, it was kept without food 




for 18-20 hours previously. 




Blood 




Blood 



sugar 

Injection 



sugar 

Injection 

Time 

o/ 

/o 

(subout.) 

Exp. 

Time 

O' 

0 

(subcut.) 

Just befoj-e 

•093 

— 

D 

Just before 

•123 

— 

injection 




injection 


12 mgm. 

Zero 

. — 

12 mgm. 


Zero 

— 



insulin B 




insulin B 

100 m. later 

•044 

— 


158 m. later 

o 

o 

— 

170 „ 

•034 




166 „ 

— 

0-5 mgm. 







adrenaline 

220 ., 

•031 




186 

•051 

— 

280 „ 

•052 

— 


211 „ 

•069 

— 





255 

•077 

— 

Just before 

•110 

— 





injection 

2!ero 


'5 mgm. 

E 

Before 

•121 

— 



adrenaline 


injection 


12 mgm. 

38 m. later 

•169 




Zero 

— 

63 „ 

•233 






insulin 

90 „ 

•291 

— 


40 m. later 

•064 

— 

128 „ 

•337 




80 „ 

•063 

■ 





100 „ 

•041 

— 

Before 

•120 




168 „ 

•036 

— 

injection 

Zero 


4 c.c. 


160 


4 c.c. ^ 

“Infundin 



‘^Infundin” 


182 „ 

•084 


20 m. later 

•162 




210 „ 

•071' 


50 „ 

•157 

— 


254 

•066 


90 

•113 

— 





120 „ 

•124 

— 
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described in Table II were all carried out on one rabbit. They show the 
effects of insulin, pituitary extract and adrenaline when given singly, 
as well as the antagonism of the two last for insulin. It will be seen that 
the effect of the chosen dose of adrenaline alone in producing hyper- 
glycoe'mia is not only much greater {-n0-*337 p.c.) than that of the dose 
of pituitary extract (*120—157) but much more prolonged; on the other 
hand the antagonistic effect of the same dose of pituitary extract on 
insulin hypoglycaemia is more extensive, more persistent and much more 
rapid in onset than that of adrenaline. 

The effect of 'pituitary extract on adrenaline hypcrglycaemia. In view 
of these effects, it seems relevant to give an example (Table III) showing 
the relation between infundibular extract and adrenaline on the blood 
sugar of a normal animal. As already stated, Stenstr6m(‘i) originally 
described the inhibitionof adrenaline hypcrglycaemia and the suppression 
of adrenaline glycosuria in rabbits by inf undibular extract. These findings 
were confirmed by me in experiments, of which the details were not 
published. 


Tablb III. Rabbit. 2*8 kgm. In each cose food was witlihcld for 18-20 hours 
before the experiment. 


Blood sugar percentages 


Timo 


Before injection 
40 m. after 
80 „ 

120 „ 

180 „ 

240 - „ 


After injection 
of *0 niRm. 
adrenaline 

•107 

•195 

•277 

•329 

•325 

•2C9 


After injection of 
5 mgm. adrenaline 
■f 

4 c.c. pit. oxt. 

“Infundin” 

•111 

•127 

•123 

•144 

•198 

•252 


The changes observed are characteristic of those seen in these cir- 
cumstances; some evidence of the adrenaline action is usually visible 
in spite of the injection of infundibular extract. Nevertheless at the end 
of 2 hours from the injection, Table III shows that a rise due to adrena- 
line alone amounting to *22 p.c. has been reduced, under this inhibiting 
influence "to one of only *03 p.c. A similar effect is observed on the 
hyperglycsemia produced in rabbits by ether anesthesia provided that 
the dose of pituitary extract is large, and is administered before the 
induction of the anesthetic. 

The effect of ergotoxine on adrenaline liyperglyccemia and on insulin 
hypoglyccemia. There are two additional experimental results which have 
significance for an analysis of the relation of the factors which influence 
. 21—5 
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the circulating glucose. The first of these was originally described by 
MicuHcich(i 2 ) and confirmed by myself; it was that the glycosuria and 
hyperglycEemia, produced by adrenaline are inhibited by an intravenous 
injection of ergotoxine-. The suppression is more nearly complete than 
that produced by pituitary extract. It was accordingly of interest to 
examine the effect of ergotoxine on insulin hypoglycemia. Instead of 
ergotoxine, ergotamine tartrate was used, which has recently been shown 
by Dale and Spiro(i3) to be identical, quantitatively and qualitatively, 
in its physiological properties with ergotoxine. It was found that fol- 
lowing an intravenous injection of ergotamine, the amount of insulin 
adequate to produce convulsions was much less than in the normal 
animal. Fig. 3 shows the course of the changes in the blood sugar in two 
experiments on a well fed rabbit. In one experiment (A) 8 mg. of 
insulin was given alone. In the other (B) 5 mgm. of ergotamine tartrate 
was first given and 2 hours later 8 mgm. of the same sample of insulin. 



venous injection of 5-0 mgm. ergotamine tartrate in the same animal. 

It will be seen that the injection of insulin alone produced a transitory 
fall, 1 hour later, to the neighbourhood of -060 p.c., and the last traces 
of its effect were disappearing in 2 hours 40 minutes, and that following 
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the ergotamine administration, the sugar, under the influence of the same 
amount of insulin, fell to -029 p.c, ; the animal passed from convulsions 
to a condition of complete collapse, so that blood was only obtained for 
analysis by cardiac puncture; the animal would certainly have died 
but for an intravenous injection of dextrose. 

Discussion. 

While it is a matter of some difficulty to fit all of the preceding 
results into a consistent scheme, there is at least one action the mech- 
anism of which seems reasonably certain. It is generally agreed that the 
hyperglyommia produced by adrenaline is due to conversion of liver 
glycogen into glucose, and the fact that this, like other “motor” effects 
of adrenaline, is paralysed by ergotoxine„ shows that it is due to action 
on a mechanism in the liver associated with sympathetic irmervation; 
in other words, the adrenaline hyperglycfemia is simply one of its 
sympathomimetic actions. 

The recent work of Macleod and his colleagues(U) suggests that 
while the initial fall of blood sugar caused by insulin is independent of 
the amount of liver glycogen, the rate at which the blood sugar returns 
to its normal level, as the effect of the insulin passes off, is largely 
determined by the amount of sugar which the Uver can supply. This 
view is fully confirmed by the observation that ergotoxine greatly 
increases the action of insulin; it may be supposed that the alkaloid, 
by paralysing the sympathetic supply to the liver, prevents this organ 
from carrying out its compensatory function, so that a small dose of 
insulin has not to deal with a continuous supply of sugar from the liver, 
and is therefore able to produce an almost complete disappearance of 
circulating glucose. 

This view further explains the observations here recorded with 
adrenaline. The experiments described show that the hyperglycmmio 
action of a given dose of adrenaline in the normal animal is reduced to 
one-sixth of its value in the same animal 2 hours after the injection of 
insuh’n. If in this condition the liver is already producing sugar as 
rapidly as possible, the additional stimulus of adrenaline will be pro- 
portionately less effective. 

There remains the relation of pituitary extract to carbohydrate 
metabolism. Cushing’s work suggests that the specific antagonism, 
between the active principle of the pituitary posterior lobe and insub'n, 
here described, is a factor of importance in normal metabolism. Cushing 
found that the patient suffering from hypopituitarism, or the animal 
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deprived of its pituitary body, developed a condition which was the 
antithesis of that of the diabetic. There was an enormously increased 
sugar tolerance which led to adiposity, and frequently there was hypo- 
glycsemia. We have now evidence that pituitary injections inhibit the 
action of insulin in producing hypoglycsemia, and that, when given to an 
animal in hypoglycsemic convulsions, they produce a rapid recovery, 
due to return of the blood sugar towards the normal. These facts suggest 
that carbohydrate metabolism is influenced by pituitary extract in a 
precisely opposite sense to that in which it is affected by insulin. 

It is not yet clear to what the hypoglycsemia produced by insulin is 
due. On the one hand there is the evidence of Dixon and Pemher, 
quoted by Macleod and others (14) of a raised respiratory quotient 
following the injection of insulin, and on the other hand the evidence 
of Dudley, Laidlaw, Trevan and Booclc(i5), who have described a 
diminished respiratory exchange, suggesting that the sugar is dealt with . 
in some other way than by combustion. If insuhn were to promote 
increased combustion of sugar, we should conclude that pituitary extract 
prevented this taking place; but then, and indeed on any available view 
of the mechanism of the action of insulin, it is difficult to explain the 
origin of the sugar which is almost immediately hberated in the system 
of a hypoglycaemic rabbit by an injection of pituitary extract. It is 
extremely hard to believe that the source of this is the hver. We know 
that pituitary extract prevents, in rabbits, not only the glycosuria and 
hyperglycsemia due to adrenahne, bub also that due to anaesthetics, 
in both of which cases pituitary extract must have a deterrent effect on 
glycogenolysis. It does not appear credible that pituitary extract should 
prevent adrenaline hyperglycaemia by suppressing the conversion of 
glycogen into sugar, and also prevent insulin hypoglycaemia by ac- 
celerating the same process^. Further discussion of the exact meamng 
of the antagonism between pituitary extract and insuhn must obviously 
be postponed until the mode of action of insuhn itself is more completely 
imderstood. The point here to be emphasised is that while adrenaline 
apparently opposes the action of insuhn simply in virtue of its acceler- 
ating effect on the normal compensatory acfion of the hver, the 
antagonism of pituitary extract for insuhn is of a more direct and 
specific nature, and is not shared by extracts of the other tissues which 
have been examined. 

^ Direct evidence' against the view that insulin hypoglyciemia is due to glycogen 
formation is shortly to he published by Dr H. W. Dudley. 
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Summary. 

1 Subcutaneous injections of extract of posterior lobe of the pitui- 
tary gland given simultaneously with injections of insulin, dimimsli oi 
abobsh the fall of blood sugar produced by the latter The doses of 
pitmtary extract used do not, vv hen giv'cn alone, produce a rise of blood 
sugar sufficient to explain this inhibition of the aetion of insulin as being 
the result of an algebraic sum 

2 This effect is not produced by similar extracts of anterior lobe 
of pituitary, or of spleen, thyroid, brain tissue or thymus Nor is it 
produced by histanune The property, in the case of posterior lobe 
extract, is destroyed by treatment mth iV-alLali m the cold 

3 Pitmtaij extract reniov’es the symptoms of hypoglycsemic con- 
v'ulsions, causing a rapid elevation of the blood sugar 

4. The effect of a small dose of insulin is greatly increased by previous 
intravenous injection of ergotoxine 

5 Confirmation is given of the following points (a) pituitary extract 
inhibits adrenaline hyperglyciemiaandglycosuna, (6) ergotoxineabohshes 
adrenaline hyperglycsraia and glycosuria, (c) insulin greatly reduces the 
hyperglyctcniio action of adrenaline 

C Cases are given in which subcutaneous injections of pituitary 
extract in the normal animal led to a fall of blood sugar, though as a 
lule such injections cause a tiansient nse 

My thanks aie due to Dr H W Dudley for the samples of insubii 
used, and to Mr H P. Marks for carrying out some of the estimations 
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THE EFFECT OF TEMPERATURE ON THE ISOLATED 
IRIS OF THE CAT. By CATHARINE A. VERBITZKY. 


{From the Physiological Laboratory, University of Odessa.) 

The effect of changes of temperature on the iris does not seem to have 
been fully studied either by older (Brown-Sequarda), Muller(2), 
Schur(3), Samkowy(4), Griinhagen and Samkowy(5)) or by recent 
(Ten-Cate(6)) investigators, and it therefore seemed desirable to follow 
the effect of temperature over as wide a range as possible. , 

Method. The isolated iris of the cat, removed from the eye enucleated 
under ansesthesia, or immediately after death, was employed; the iris 
was excised from the enucleated eye as soon as possible after its removal, 
and was transferred to a glass vessel filled with Tyrode’s solution, one 
edge of the iris being pinned to a cork fitted to the bottom of the vessel, 
while to the pupil was attached a small platinum hook, connected by a 
thread to a straw lever 30 cm. in length and 0'3 g. in weight. The 
movements of the lever were recorded on a blackened drum. In order 
to load the iris, riders of different weights were made, and by moving 
these along the long aj;m of the lever, which was divided in centimetres, 
the loading could be widely varied. The most suitable load was found 
to be -08 g. The heating of the vessel was carried out by means of a 
small spirit lamp placed beneath it, and the temperature of the saline 
solution recorded on the tracing every minute. A time tracing was also 
made. Experiments, of which in all 43 were made, were carried out both 
in winter and in summer. In summer, ice was used for cooling, while 
in winter, cooling proceeded spontaneously in the imheated laboratory, 
the temperature of which was from 2° to 0° C. In most of the experi- 
ments aeration of the saline solution was not performed, because control 
experiments showed that bubbling of air through the solution made no 
essential difference to the results, except that in the latter case the 
observed relaxation occurred earlier. In all the figures one division of 
the ordinate corresponds to 0-5 mm. of the tracing, one division of the 
abscissa to 30 seconds. 

Effect of heating. Eig. 1 gives an analysis of a characteristic curve, 
the height of the tracing was noted each minute with an accuracy o 
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0-5 mm. The temperatures are written on the curve, the initial tem- 
perature being 11° C. Contraction of the iris began at 19°, and reached 
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its maximum at 30°, after which it fell, in spite of the heating being 
continued to about the normal body temperature. Subsequent coohng 
led to a slow increase of tone. Unmistakable spontaneous contractions 
of the tissue, such as have been described by Ten-Cate(6, 7), were 
never seen. Whether this is owing to lack of oxygen, or to too heavy 
a lever, or to the fact that the cat’s iris is not a suitable object for their 
demonstration, I am unable to say (see FeenstrafSi) 

In Fig. 2 is shovn the effect of warming the excised ins from 2° to 


i' " " ■ 



Rg 2 

80° C. with levers loaded to different extents. Curve I load = -06 g. , 
curve II = -08 g. ; curve III == -08 to -15 g. ; curve IV = -2 g ; curve V 
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= -35 - 4 g. These curves represent the averages of a number of experi- 
ments; the time factor was omitted. At the lower temperature the 
muscle of the iris is in a relaxed state, and regained tone on warming, 
the maximum tone being at about 30° (27°-35°). Further rise of tem- 
perature led to a fresh relaxation which reached its hmit at about 60°. 
Above this temperature there occurred a sudden contraction from 1-5 
to 2 times as great as that at 30°; this sudden rise was due to the onset 
of heat rigor, and was followed by a further slow contraction. The type 
of these curves is not affected by alteration of the load, unless this be 
excessive; but the actual degree of shortening at 30° is seen to be re- 
duced when the load is increased. It is also seen that the greater the 
load, the more pronounced the relaxation at about 60°, so that the 
onset of heat rigor appears to be more sudden. But the 6nset of heat 
rigor appears at the same temperature whatever the load. 



Figs. 3-0. 


The effect of cooling after previous heating, and vice-versa. When the 
iris is cooled after being heated, there is but little alteration in length 
when the load on the lever is a light one (Fig. 3), but with more heavily- 
loaded levers, there is pronounced relaxation (Fig. 4). On once more 
warming the preparation there is further shortening, though much less 
'distinctly than the first, and reaching its maximum earlier (Fig. 5); if 
this is again cooled, the relaxation is still more marked, and is un- 
interrupted by any rise at all. In each case the curves represent the 
average of a number of experiments. 

IiXcarrying out the reverse experiment, the iris was at once placed 
in Tytrae’s fluid at 35° ; its tonus was then but weak, but was augmented 
by cooling until 12° was reached, below which it again began to fall off. 

\ 
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On re-wanning the tonus was increased until 20°, after which it again 
showed relaxation (Fig. 6). 

The pari played hy the connective tissue of the iris in the contractions. 
It seemed desirable to ascertain to what extent the contractions induced 
in the tissue of the iris by warming to 30° C, or above 60° C. respectively 
were due to change of tone in the muscle, and how far they could be 
explained as due to alterations in the connective tissue incorporated m 
the preparation employed. The bulk of the muscle is confined to the 
inner portion of somewhat less than half of the whole iris, the iris was 
therefore out into two concentric rings, the inner and smaller of which 
contained chiefly muscle, while the outer and larger one consisted 
chiefly of connective tissue. 



Fig. 7 shows the result of heating the inner ring, and it is seen that 
this behaves essentially in the same rvay as the whole iris, showing a 
contraction at 25° C. and another one due to heat rigor, and scarcely 
larger than the first at 60° C. The outer portion of the iris, the effect 
of heat on which is illustrated in Fig. 8, is seen to behave quite differently; 
there is no contraction in the middle range of temperature, while the 
effect of heat rigor is very definitely expressed. We may conclude 
therefore, that the first contraction shown by the excised iris on heating 
is wholly due to an increase in the tone of its muscular tissue, while the 
heat rigor shortening is very largely due to coagulative changes in the 
connective tissue of the outer part of the structure. This accords with 
the observation made long ago by Mourasheff(9) and more recently 
confirmed by Bottazzi(iO) that connective tissue shows considerable 
shortening above 60°. 
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AN ANALYSIS OF THE EFFECTS OF SPEED ON THE 
MECHANICAL EFFICIENCY OF HUMAN MUSCULAR 
MOVEMENT. By HARTLEY LUPTON>. 

With an Appendix by A. V. Hill. 

{From the Physiological Laboratory, Manchester.) 

The factors underlying the effects of speed on the mechanical efficiency 
of human muscular movement have been discussed by A. V. Hill(i, 2). 
The efficiency E is defined as IVjR, where W is the actual work done, and 
II the total energy liberated by the body during, and in recovery from, 
the effort involved. In a particular movement — the flexion of the arm in 
the supinated position — it was shown experimentally by Hill, and con- 
firmed by Lupton(3), that the work done increases as the speed of 
movement decreases, according to the formula W = {1 — (!•/()}; 

Wq and h ore constants, and t the time occupied in the movement. The 
quantities ir^ and k have been given a theoretical meaning by Hill, but 
apart from any theory the fact remains that the work done in a maximal 
movement is given, in terms of its duration, very accurately by the 
formula. At short durations the work done is zero or small; it increases 
rapidly at first as the duration is increased and then more slowly, 
attaining asymptotically the value Wg at long durations. The result was 
obtained in a maximal contraction, the only form of contraction in man 
in which it is possible (so it is assumed) to investigate a constant number 
of stimulated muscle fibres: there would seem, however, to be little doubt 
that, if a constant sub-maximal number of fibres could be stimulated 
the same type of result would be obtained. The quantity H, and its 
variation with the duration of the contraction, has been investigated on 
the muscles of the frog: Hartree and A. V. HillfiJ found that the 
formula Q = a + bt is accurately obeyed, where Q is the total heat 
liberated, per unit of force developed and maintained, in a contraction 
of duration t, and a and b are constants. The constant a is the energy 
required to “ set up ” the contraction, b is the energy required per second 
to “maintain” it. This formula again was established only for the case 
of a maximal contraction: there can be little doubt, however, that it 
^ Working for the Medical Research Council. 
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would apply equally to a case in wJuch a constant sub-maximal number 
of fibres was stimulated to a maximal degree. Hence, for the shortest 
possible contraction, a constant amount of energy is required (per unit 
of force developed) to set it up, and as the duration is increased the 
energy expended increases as a linear function of the duration. Hence 


in man we may write H — A Bt. Now Hill has shown that, according 
tofcfoimuk, ^ 

H A+Bt 


the efficiency varies with the duration of the movement, increasing (as 
the duration is increased) from a very low value in a very rapid movement 
to a certain maximum value, and then decreasing again as the movement 
becomes still slower. The existence of this optimum speed of movement, 
and the variation of efficiency with- speed, are phenomena both of 
practical and of theoretical interest, and their closer analysis is desirable. 
The first part of this paper records an investigation in man in which the 
actual mechanical efficiency, directly determined from (a) the work done 
in raising the body, and (b) the oxygen used, is shown to vary with the 
duration of the movement in a manner conforming with Hill’s expres- 
sion. In the second part a quantitative experimental estimation is made 
of the constants fc. A, and B, for one group of muscles, viz. the flexors 
of the elbow, and with these the maximum efficiency has been calculated 
and shown to agree well with that commonly observed in hian. 


Part I. 

The exercise chosen was the mounting of a given number of steps at 
various speeds. Without an almost unlimited flight of stairs, or a moving 
staircase, it is not possible to go on with this exercise, in a continuous 
manner, long enough for a “steady state” to be attained (Hill and 
Lupton(5), p. 148), It is necessary therefore to adopt the alternative 
method (ibid. p. 156) and to measure the total energy used during a given 
climb and in recovery therefrom. The mechanical efficiency then is 
E = TF/H, where IF is the work performed in raising the body through 
the height of the stairs, and H is the energy liberated calculated from the 
total excess oxygen used (over and above the resting level) from the 
beginning of the exercise to the end of the recovery period. 

If IF be kept constant, by raising the body always through the same 
height, then the efficiency is proportional to the reciprocal of the oxygen 
'consumption produced by the exercise. It is in terms of this reciprocs 
that the efficiency is given in Fig. 1. 
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The procedure was as follows: after determining the standing 
respiratory exchange fasting, the subject stood for 3 minutes at the 
bottom of the stairs, with bag and valves in position, breathing to air. 
Immediately he began to ascend he turned the tap to the bag, the ex- 
perimenter at the same time starting two stop-watches. One watch was 
stopped when the subject reached the top of the stairs; the other was 
stopped at the end of the recovery period, which extended in every case 
to at least 7 minutes ' after the end of the exercise. A longer recovery 
period was not required, as the exercise was mild and short hved and 
recovery therefore rapid. Becovery took place standing at the top of the 
stairs. The exercise was then repeated at a different rate, the subject 
first standing at the bottom of the stairs for 3 minutes before beginning 
the ascent. It was essential for the movement to be carried out smoothly 
and uniformly. Thus it was found that any extraneous movement what- 
soever caused a reduction of the efficiency. The movements had to be 
made continuous and not jerky: that is to say, a very slow movement 
was required to be the exact replica of a more rapid one, simply with a 
different time-scale: it was essential that a slow step should not consist 
of a more rapid one followed by a pause. This condition was not always 
easy to satisfy: unless strict attention were paid to it the movement, at 
the slower speeds, was not spread out over the whole interval, the subject 
moving more rapidly and then standing freely on the next step. Six 
satisfactory experiments, however, were performed on different subjects, 
the following being typical. 


Table I. Subject H. L., post-absorptive condition: bei^iht lGS-5 cms.; weight (stripped) 
58 kilos; vertical height of stairs 12-2 metres: number of vertical step.s 78; weight 
with clothes, bag and valves G2 kilos. 


Time taken in mounting stairs, 
secs. 

23-6 

24-3 

29 

34-5 

41-8 

49 

69-5 

Excess Oj consumption resulting 
frota exercise, c.c. 

EflSciency' proportional to 

2796 

2297 

2030 

1815 

1529 

1653 

1510 

358 

430 

493 

051 

055 

605 

663 


85 

99-5 

I64-5 

172-5 

213 

225 

237 

251 


1462 1456 

1504 

1685 

2284 

2352 

2387 

2482 


685 

687 

665 

594 

439 

426 

410 

403 


t The efficiency is taken aa proportional to the reciprocal of the 
oxygen consumption multiplied by 10®. 


These results, given in Fig. 1, show that in the case of the muscle 
groups involved in the climbing of stairs there is an optimum speed at 
which the efficiency is a maximum. At the fastest speeds, i.e. when the 
time spent on the exercise is small, the efficiency is very low. At such 
speeds, on Hill’s theory, a large proportion of the energy liberated is 
used in overcoming the internal resistance of the muscles themselves. 

22 2 
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As the time spent in the exercise is increased the efficiency rises rapidly 
to a maximum. Then as the factor of maintenance of tension (“static 



work”) becomes preponderant the efficiency slowly decreases. It will 
be seen that the curve is similar in form to that given by Hill ( (i) p. 328). 

In all the experiments the vertical height through which the body 
was raised was 12-2 metres. In the particular experiment recorded in 
Table I the mass raised was 62 kilos. Hence the external work performed 
\vas 776 kgm.m. This is equivalent to 1772 gm. cals. The average 
respirator}’’ quotient over the whole period was 0-83. lYom Zuntz and 
Schumberg’s tables 1172 gm. cals, are equivalent at this respiratory 
quotient to 355 c.c. of oxygen. Table I shows that at the optimum speed 
of working the 02-consumption required to perform this external work 
was 1456 c.c. Hence the maximum efficiency has a value of 355/1456, 
i.e. of 244 p.c. This is in good agreement with values of the efficiency 
obtained by previous observers in other cases of human muscular 
movement. Thus Reach (6) in Durig’s laboratory found values of 
^7*9 p.c., 27*2 p.c. and 24*1 p.c. for the maximum efficiency of tummg 
a'jwinch using the arm muscles; Benedict and Cathcart(7) in bicycle 
ei^ometer experiments found values of 24 p.c. and 25 p.c.; Campbell, 
Douglas, and Hobson (8), also using a bicycle ergometer, found values 
of 2^\2 p.c. and 264 p.c. 
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The duration of a single contraction when the efficiency is a maximum 
can be obtained from Table I The optimum time taken to mount 78 steps 
IS 100 secs Consequently the duration of a single contraction is 1 3 secs 

It js necessary to realise that the crcrcise of raising the body slowly against its own 
weight does not allow maximal contractions to be made Consequently we are here dealing 
^nth sub maximal efforts With regard to such efforts Hill has shown on theoretical 
grounds ((2), p 38) (o) that the efficiency w smaller than m maximal efforts occupying the 
same time, (b) that the maximum efficiency of n sub maximal effort occurs when the 
duration of the contraction is longer than in the case of a maximal one TIio value therefore 
of the maximum efficiency found m the present experiments should be smaller than the 
efficiency of a maximal contraction occumng at the same speed Further, the optimum 
Sliced m these experiments w ould no longer be the optimum speed for maximal contractions, 
so that the maximum efficiency of maximal contractions would actually bo still greater 
than observed here 

Although the shape of the curve in Fig 1 is similar to the theoretical 
curve given by Hill, a close comparison will show that in the mounting 
of stairs the efficiency for the slower speeds falls off rather more rapidly 
than theory demands This can be accounted for on the supposition that 
not only is oxygen being used in the maintenance of tension in the 
muscles undergoing actual shortening, but that it is used also by other 
muscles which are m activity maintaining the posture and balance of 
the body as it ascends In the slower movements the increased oxygen 
consumption thus caused appears to be an appreciable fraction of the 
whole, and the efficiency is correspondingly reduced It seems then that 
this additional cause of energy expenditure masks to some extent the 
phenomena occurring in the group of muscles which are doing positive 
work, yet as it is a mamteuance phenomenon, and acts therefore in the 
same direction as maintenance in the group of muscles concerned m the 
movement, its effect is merely to enhance the primary phenomena, thus 
causmg a more rapid fall in the curve 

Pabt II 

In the experimental determination of the constants (JVo, I, A and B) 
of Hill’s efficiency equation, the movement investigated was the flexion 
of the elbow in the position described by Hill (3) and Lupton (3) It was 
assumed that 1 uniformly had the value 0 26 This is the value found 
previously by Lupton in healthy young men, as were all the subjects 
of the following expenments The assumption of this value in the 
followmg cases is based on the fact that careful experiments for the 
determination of I, carried out on two subjects (see (3)) of similar age 
and build gave values of 0 260 and 0 264 the maximum reahsable 
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state” to be attained, and a fore-period of maintenance of 2| minutes 
was allowed to elapse before collection of the expired gases was begun; 
this occupied a further period of 2, 3, or 4 minutes of maintenance. The 
maintenance was carried out by all subjects at approximately the same 
angle, that is, the forearm made an angle of about 120° with the upper 
arm. This angle was kept constant by placing a horizontal rod in front 
of each wrist at the height required, and the forearm was flexed until 
the wrist just touched the rod. In each experiment six determinations 
of the gaseous exchange whilst maintaining the weight were made, each 
determination alternating with a determination of the resting gaseous 
exchange. To ensure that the latter quantity should remain as constant 
as possible, the subjects came to the laboratory without breakfast. 

In an actual contraction uith the crgometcr the maintenance factor in the expenditure 
of energy should not theoretically be that at any particular angle, e.g. 120°, but an average, 
with respect to time, of the values throughout the range of movement. The contraction is 
maintained as the arm passes from fully extended to fully flexed, and it requires, for 
example, more energy to maintain a given force when the forearm and upper arm make 
60° with one another than when they make 120°. Three experiments were performed on 
one subject to determine the effect on the energy expenditure of maintaining the same 
force at different angles of the forearm relative to the upper arm. Table 11 shows one 
of these e.xperiments. 

Table II. Subject H. L., post-absorptive condition; tension maintained 
by each arm 3-4 kilos; cords fastened round wrists. 


(1) 

(2) 

i)\y^n 
per uiin. 

(2) 

Cnrbon 
Dioxide 
per mil). 

(^) 

. (5) 

Oj p(;r min. 
resuUinj: from 
maintenance. 

Ktperiuient 

C.C. 

c.c. 

Anjrlc 

C.C. 

Resting (standing) 

192 

1G4 

— . 

— 

Maintaining (arms only) 

202 

172 

135° 

— 

Maintaining 3-4 kilos 

222 

182 

120 

20 


223 

194 

no 

21 

ff ♦» 

234 

198 

90 

32 

tf ff 

233 

204 

80 

31 

ft ff 

243 

218 

70 

41 

* Jl 9 9 

256 

219 

60 

54 

Column 5 in the table gives the differences between 

the 0,-consumption maintaining 


the arms only and that maintaining the weight. These values therefore represent the energy 
required to maintain a tension of 3-4 kilos in each arm. The reason for the variation mth 
angle is probably simple. The tension maintained by the whole arm at each angle is tnc 
same. As the muscle shortens, however, owing to the elastic properties of the fibres, each 
fibre must exert a smaller tension. Consequently, a larger number of fibres la brought into 
play and the oxygen consumption rises. The correct value to assume therefore for the 
maintenance energy is the average (with respect to time) of the values throughout the 
shortening. Assuming that the shortening occurs with a uniform acceleration, as js veiy 
nearly the case {(2), p. 34), it is obvious that the time-average will lay much more emphasis 
on the values in the extended, rather than on those in the flexed position. To Professor 
Hill I ani indebted for a mathematical method of calculating from the above data t e 
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average required, viz, 


\rt, 

fojo 


Bdt^ where is the total time occupied in the contraction, it 


is unnecessary to give this method of calculation here, but the conclusion is that the correct 
average value to assume is the same as that occurring when the forearm and upper arm 
make an angle of about 120'’ with one another. In the cTpenments on the oxygen con- 
sumption associated with the raamtenanco of a giien force, this was the angle actually 
adopted, so that the single values obtamed ma 3 ' be assumed to be close to the average 
laluo (with respect to time) in a uniformly accelerated contraction on tlie ergometer 


Table III gives llj together with the results of the experiments on 
selling up isometric contractions. 


TtncE III. 


(1) 

(2) 

(3) 

(0 

(5) 

(‘d 

p?r 

(0 

O.iii 

•ettliir up 

(8) 

A, ener^ 
used ill 
seltiiia up 


IFo En 

Max T. 

Total T 

Tnlit 

unit T. 

contraction 


Binelc 

in tln.fle* 

Kft up in 

ctcrss Oi In 

S(.t UP, 
le cni S 

tnn T 

capable 


tnsxininl 

ninxlmnl 

iiieLiltotum 

iiietabolijin 

co! (8)x 

of dome 

Rubjoct 

contr^ctEoii 

c<intracUnn 

cip 

Otp 

— cnl 4 

cot ( 1 ) 

work rro 

Lpin tiu 

I.E108 

kfloi 

cc 

c c 

ct 

keimni 

W.B. 

10 OG 

2G 7/5 

3470 

2075 

0 593 

IGO 

34 2 

W. B. 

10 90 

2G-75 

ail2 

1900 

0 557 

14 9 

318 

A S.C. 

12 4 

20 5 

2904 

1440 

0 488 

124 

2GS 

H.I,. 

0 3S 

21 -GO 

3020 

950 

0 31G 

0 85 

14 00 


It can be calculated from Table III that the total energy used (col. 8) 
in selling up a contraction capable of doing maximum work (col. 2) 

has the following values in the four experiments: 3-1 TFo, 2-9 W„, 
2-34 ff'j, and 2-3 fTo- Tie menu value is 2-6 flj. In his original papers 
(h 2 ) on the subject Hill assumed, in lieu of direct evidence, and on the 
basis of experiments on the isolated muscle of the frog, a value of 2-5 Wg. 
This is, to all intents, identical with the mean value 2'6 Wg found in man : 
which is striking evidence of the possibility of application to man of 
results obtained on isolated frog’s muscle. 

Table IV gives the results of maintenance experiments. 


Table IV. 


(1) 

(-’) 

Mean 

(b con* 

(1) 

Mean 

Oj per min 
uiaintciiance 

(^> 

-'lax. T 
tint can be 

m 

(C) 

Oj for 

(7) 

0> for 

(8) 

P, energy 
used per 


sumption. 

of 3 4 

developed 

and 

Tension 

niAintcnaucc, 

main'tenance 

sec. m 


tuainlainlne 

kilos ii4 

actually 

per kilo 

of max. T 

maintaining 

Subject 

arms 

each arm 

nsMiitained 

maintained 

per sec 

per sec. 

ma.t. Pull 

C.C. per cuin 

t c 

kilos 

kilos 

cc. 

c c. 

kgin-in 

W.B. 

233±1 

19x2 

20-75 

34 

093 

2 49 

5 32 

A. S. C. 

205 -k- 2 

224-2 

25 5 

34 

•108 

2 75 

6 8? 

H.L. 

203^1 

14±2 

21 05 

34 

•069 

1-49 

3 18 


Discussion of Resulls. The experimentally determined values of the 
constants TTo, A and B given in Tables III and IV, along with the 
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6ne arm. And for a quantity to have a 96 p.c. chance of lying 'ndthin a 
range ± 5 c.c. of the mean value, instead of 25 observations, six only 
would be necessary. 

In columns (2) and (3), Table IV, the probable errors of the means 
are given. Thus, for instance, in the case of the subject A. S. C. the values 
of the Og-consumption maintaining the weights were 317, 305, 316, 300, 
307, the values of the resting Og-consumption being 264, 271, 262, 
263 c.c. per min. It may be concluded therefore that the diherences 
produced by maintenance in these experiments lie well beyond the limits 
of experimental error, and may be taken therefore as representing truly 
the quantities under consideration. 

Summary. 

1. In the group of muscles used in mounting stairs, in so far as they 
can be isolated from other muscle groups involved in the maintenance of 
the posture of the body, the mechanical efficiency of movement varies 
with speed in a manner analogous to that predicted by A. V. Hill on 
the basis of experiments on the flexors of the elbow and on isolated frog’s 
muscle. There is an optimum speed of movement' at which the efficiency 
is a maximum. This maximum efficiency has a value of about 24 p.c., 
and occurs-when a single movement of the leg occupies about l-S secs. 

2. A direct determination has been made, on the flexors of the elbow 
in man, of the constants involved in Hill’s theoretical equation for the 
efficiency of muscular movement. Substituting these experimental 
values, (i) the calculated maximum efficiency agrees well with that 
directly observed on man (a) in this investigation, and (6) by previous 
experimenters; and (ii) the calculated optimum duration agrees well 
with the value directly observed. This is regarded as strong evidence 
for the validity of the theory underlying Hill’s efficiency equation. 

3. The energy required in the flexor muscles of the human arm io 
set up (as distinguished from to maintain) a contraction capable (if 
maintained) of doing maximum work W^, is about 2*6 TFq- This is close 
to the value 2-5 TFj, deduced by Hill from experiments on frogs, and 
gives a theoretical maximum efficiency of 38| p.c. The energy required 
to maintain the contraction, if it is actually to do work, is one factor in 
diminishing the efficiency: the other factor is the irreversible frictional 
loss involved in an actual contraction at a finite speed. 

My thanks are due to Professor A. V, Hill for his interest and help 
throughout the investigation, to Mr G. N. H. Long for acting as observer 
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in certain experiments, and to all who submitted themselves as subjects, 
to my often exacting demands. 
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APPENDIX 

A note on certain critical observations by T. E. Hansen 
and J. Lindhard. By A. V. HILL. 

lNaieoentpaper(This./o«ma!,67,p. 287, 1923) Hansen andLindhard 
Lave published certain criticisms of the principles underlying the equa- 
tion IF = Be {1 — {kjl)}, relating the maximum work to the duration 
of the contraction, AVliilc appreciating the value of their criticisms, and 
the friendly way in which Prof. Lindhard submitted his conclusions 
to me before publication, I feel that it is necessary, to prevent mis- 
understanding, to point out that — assuming their correctness — they have 
nevertheless no bearing whatever on the validity of the methods used, 
and the results obtained, by Lupton in the preceding paper. In the 
first place the equation does, in point of fact, lit the observations of 
W and I with great accuracy, provided Wq and k bo suitable constants. 
This is sho^vn not only by my original experiments, and tbe more 
accurate subsequent ones of Lupton(3), but by those of Hansen and 
Lindhard themselves. Lupton’s experiments, employing (unlike 
Hansen and Lindhard’ s) automatic recording of the time t and a quick 
release mechanism, were made (as were mine) over a part of the curve, 
relating W to which is a far better test of the validity of the equation 
than the straight part chosen by Hansen and Lindhard: and the 
agreement was, as an empirical fact, complete. Taking due account of 
the greater errors necessarily associated with measuring short times, 
of the order of 1 sec., with a stop-watch, the agreement of Hansen and 
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Lindiiard’s observations with, the equation is almost equally good, as 
the following calculations show. 


(i) 

Observations on E. H. 

W=12 {1 

-(0-196//)}. 


Time 

0-5 

0-625 

0-74 

0-97 

1-47 

2-17 

5-03 

Calculated 11’ 

7-3 

8-2 

8-8 

9-6 

10-4 

10-9 

11-5 

Observed W 

7-4 

7-75 

8-6 

9-8 

l0-4 • 

11-0 

11-5 

(ii) 

Observations on J. L. 

Tr =14 {1 

-(0-264//)}. 


Time 

0-54 

0-62 

0-80 

1-07 

1-5 

2-4 

5-15 

Calculated IT 

7-1 

8-1 

9-35 

10-5 

11-5 

12-5 

13-3 

Observed TV 

• 7-8 

8-5 

9-2 

10-4 

11-4 

12-5 

13-9 


If the interpretation of PTo as the theoretical maximum work be 
pressed, and if IFq be then determined by an independent method and 
not from the observations, it is admitted that the equation fails; this 
fact will be considered later. For the moment, however, we may consider 
TFq and h as empirical constants, in which case the equation represents 
the observed relation between W and i with almost complete accuracy. 

InLupton’s paper Wg and h are determined from observations with 
the ergometer, and the equation therefore may be assumed to give a 
true expression of the facts. Lupton next determines A, the energy 
required to set up maximum tension in the muscles employed, by 
measuring the oxiygen used in setting up (but not maintaining) a series 
of isometric contractions, and multiplying this by the ratio (maximum 
tension) -f- (total tension actually set up). He then determines B, the 
energy required to maintain maximum tension for unit time, by measuring 
the oxygen used per second in maintaining a submaximal contraction 
(sufficiently small for a “steady state” to be attained), and multipljdng 
this by the ratio (maximum tension) (actual tension maintained). In 
the equation therefore for the efficiency 

IT 

H~ A^Bl 

the numerator represents the actual work done in a maximal contraction 
occupying time t, the denominator the tcfal energy used in settmg up a 
maximal contraction and in maintaining it for the time t necessary to 
allow the movement to be completed. Lupton, in the essential argument 
of his paper, makes no assumption that TFp and Jc have any particular 
theoretical significance, but only — ^what can be demonstrated empirically 
beyond dispute — ^that the equation IF = Wo {1 — (^/O) 1°^ which they 
occur does actually represent the work done in a contraction started, y 
means of the quick release mechanism, after maximum tension is 
developed. The expression for the total energy, H = A + Bt, rests on 
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evidence (Hartree and Hill (4)) which Hansen and Lindhard do not 
deny, so that the expression for the efficiency does represent the actual 
work done by the muscles involved, divided by the total energy used 
by them in doing it. Its maximum value is then calculated by Lupton 
and found to agree well with the maximum efficiency found in actual 
c.xperimcnts with the whole body. Lupton’s methods and results 
therefore are completely imaflected by the eriticisms of Hansen and 
Lindhard. 

In their paper Hansen and Lindhard attempt to measure the 
efficiency directly, in a maximal pull on the inertia ergometer. It is 
obvious from their results, as was to be expected, that the efficiency of 
the actual muscles involved in doing the work is masked by the energy 
liberated in the static effort of other muscles. Indeed the oxygen con- 
sumption due to the static effort of other muscles was clearly about 
ten times as great as that of the muscles carrying out the actual pull on 
the ergometer. This source of error was carefully eliminated by Lupton 
by balancing the pull of the two arms one against the other, by using 
submaxirnal efforts in the o.xygen measurements, and by similar means. 
The fact that Hansen and Lindhard obtained such low values (about 
2 p.c.) for the efficiency, by an obviously and' admittedly imperfect 
method, is no proof that reliable figures cannot be obtained, for a similar 
movement, by a more adequate one. 

The disagreement between Hansen and Lindhard on the one hand, 
and Lupton and myself on the other, arises frpm the following cause: 
They attempt to calculate TTo. the theoretical ma.ximum work, horn 
an “indicator diagram” (maximum force against length of contraction) 
in the manner adopted by Pick and myself on frog’s muscle;, we, from 
observations of actual work on the inertia ergometer. The essential 
point is not, as they assume, whether the equation IF = TF,, {1 — (!:/<) } 
is valid or not, btit why the value of IFq calculated from the indicator 
diagram is some 10 p.c. to 20 p.c. greater than that determined from the 
q,ctual work experiments (14-1 kilogram metres instead of 12; 16-3 instead 
of 14). This is not a very startling disagreement, but it does seem to 
exist, and its existence requires consideration. It may depend, as 
Hansen and Lindhard suggest, upon some kind of fatigue effect 
arising in the maximal contractions of longer duration. Apart from any 
equation, the value of IF observed does not, as the duration of the 
maximal pull is increased, approach asymptotically the value TFj 
calculated from the indicator diagram. This is obvious enough simply 
on plotting Hausen and Lindhard’s results, and the essential (and 
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important) point wMch they have discovered is that the actual work 
always remains some 10 p.c. to 20 p.c. less than the theoretical maximum. 
A discussion of the equation in this connection, with a proof that h is 
not constant when calculated from an inappropriate value of IFq, tends 
only to confuse the issue. 

Hansen and Lindhard credit the disagreement to fatigue of the 
muscle fibre, affecting the longer maximal contractions more than the 
shorter ones. This imdoubtedly would produce the effect shown, in 
which case calculated (i.e. really extrapolated) from the observations 
with the ergometer would be somewhat smaller than the theoretical 
maximum, being the value attained asymptotically by the work, in a 
series of contractions of progressively increasing duration and therefore 
fatigue. They argue that “strong isometric contraction is a hindrance 
to the blood supply and thus hastens fatigue.” As a matter of fact the 
phenomenon under discussion is shown quite well if IFo be calculated from 
the ergometer readings lasting not more than one or two seconds, and 
in a fresh muscle the average tension which it is possible to maintain for 
such a time is certainly not 10 p.c. to 20 p.c. less than the maximum 
tension from which the indicator diagram is calculated. If it appear to 
be so there are two possibilities, one mechanical and the other physio- 
logical: (a) that the dynamometer^ has inertia and overshoots its true 
initial reading in a rapid contraction, or (b) that during an actual 
movement, however slow, against an object which actually “gives,” a 
certain amount of nervous inhibition is produced reflexly, from joints, 
muscles and tendons, and it is not possible to exert quite the same force 
as when the object is absolutely immovable. A fresh muscle is not 
fatigued in two seconds, neither does Wedensky inhibition occur at the 
nerve ending so rapidly, and certainly the absence of blood supply cannot 
affect it appreciably in such a time, since the oxidative recovery process 
takes minutes and not seconds. Moreover, if the quick release mechanism 
of the ergometer be not released immediately after the development of 
maximum tension, but delayed by a second or two, there is no appre- 
ciable diminution in the work. If fatigue came on rapidly, delayed 
contractions should give noticeably less work. I cannot agree with 
Hansen and Lindhard therefore in attributing the disagreement to 
fatigue, except possibly in very Jong contractions. Apart from a purely 

^ No proof that this criticism does not apply has been giren by Hansen and Lindhard: 
the observations of the tension should be made on a revolving drum (so as to detwt 
vibrations) by a tension-lever of high natural fre(juenoy, similar to that cmploj'cd by 
Lhpton. With a suitable lever fatigue does not manifest itself •svithin 0-1 sec. 
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mechanical explanation it would seem to me far more likely that the 
actual process of shortening, causing movement of muscles and joints, 
produces a small reflex withdrawal of innervation from some of the 
muscle fibres, which is not produced when the contraction remains 
rigidly isometric. 

Prof. Stopford does not concur in the suggestion that he has misled 
me, in the matter of the flexors of the elbow. As regards, however, the 
fundamental point at issue, viz. the variation of work and efficiency with 
speed, and the fact that the work calculated from the indicator diagram 
is unattainable in practice, the question of which muscles are actually 
involved in doing it is of little importance and need not be further 
discussed. 

In view of the above, I feel that the somewhat stern dismissal of the 
equation TF = Tr„ {I — (hjl)), in the Summary of Hansen and Lind- 
hard’s paper, must be taken not as representing its ineompetence to 
describe the facts, but rather its inability to reconcile the facts with 
a particular interpretation advanced by Hansen and Lindhard. 


PH. LVII. 
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respiratory record though valuable when an exclusively inspiratory 
tracing is required. 

Experimental. The previous communication emphasised the existence 
of a group of nerve cells (apneustic centre) located at the level of the 
striae acousticae which, when cut off from above, gives rise to prolonged 
tonic contraction of the inspiratory muscles. In the experiments described 
the tonus was obviously brought to an end by deoxygenation of the 
blood. The lack of O 2 stimulated the lowest medullary centre sufficiently 
to occasion a few gasps. These re-oxygenated the blood and revived the 
striae region, and a fresh tonus (apneusis) resulted. 

In a recent series of 27 experiments asphyxial conditions were pre- 
vented by continuous ventilation of the lungs. The chest was laid widely 
open by removal of the costal cartilages and sternum from the 3rd to 
the 6th rib. Different mixtures of Og and Ng, to which sometimes a 
varying percentage of COg was added, were forced from a large rubber 
bag through a tracheal cannula into the lungs, exits being provided by 
snipping the edges of all the pulmonary lobes. By this means the 
functions of the different centres and the effects' of the respiration of 
various gases could be studied uncomplicated by asphyxial conditions 
due directly to the unsatisfactory respiratory movements which might 
be occurring as the result of section of the brain stem, etc. 

It was found that the inspiratory tonus could be made to last 30 
minutes or more, and even then, only ending as the result of vagal stimu- 
lation, or other experimental interference. Fig. 1 from a cat whose brain 
stem had been severed at the mid-pons illustrates some of the results 
obtained in this class of experiments. The lungs were perfused with an 
atmosphere composed of O 2 60 p.c., Ng 40 p.c. and the vagi were intact, 
but similar results are obtained also after vagotomy. The top tracing 
is from a tambour placed on the chest, the middle tracing is from a 
similar tambour on the abdomen below the level of the ribs, and the 
lowest tracing is the blood-pressure, the zero of pressure being 25 mm. 
below the 5 second time tracing. Except when intentionally inhibited 
by electrical stimulation of the vagus, the inspiratory tonus lasted for . 
some 17 minutes at a time, until indeed from gradual blocking of the exit 
openings the ventilation became unsatisfactory. If, during this period 
the trigeminus or vagus was stimulated by bloving air into the nostri 
or larynx, or electrically, the apneusis was instantly inhibited (Fig. 1)- 
If this was done soon after the apneusis had commenced, the moment 
stimulation ceased the inhibition was removed and the inspiratory tonus 
was resumed. It was only necessary to periodically stimulate the 5t 1 



Fig. 1. Cat, Seo text. Continuous ventilation with 0^ CO p o. Prolonged inspiratory tonus 
inhibited periodicallv by v,agal stimulation to simulate respiration of normal rhythmical 
type. All tracings read from left to right and time in 5 secs. Inspiration is upwards. 

on the other hand, inhibition of apneusis was efiected at a moment 
when the apneusis was about to terminate naturally, ?,e. when the 
apneustic centre was fatigued or failing, the inspiratory position was 
not at once resumed but instead an active expiratory spasm occurred 
(Fig.l). 

The method of recording the respiratory tracings by tambours on 
the chest and abdomen is not ideal, some explanation is necessary 
in order to interpret the records. The tambours, bound to the animal s 
body, are each connected with recording tambours, which must be 
arranged to write synchronously. On examining the thoracic tracing it 
is seen that inspiration WTites upw'ards, expiration downwards. There is, 
however, one exception; if diaphragmatic relaxation or active abdominal 
expiration occurs so rapidly that the air cannot get out of the trachea 
quickly enough, then for an instant the thorax is distended and the writing 
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respiratory record though valuable when an exclusively inspiratory 
tracing is required. 

Experimental. The previous communication emphasised the existence 
of a group of nerve cells (apneusbic centre) located at the level of the 
striae acousticae which, when cut off from above, gives rise to prolonged 
tonic contraction of the inspiratory muscles. In the experiments described 
the tonus was obviously brought to an end by deoxygenation of the 
blood. The lack of 0^ stimulated the lowest medullary centre sufficiently 
to occasion a few gasps. These re-oxygenated the blood and revived the 
striae region, and a fresh tonus (apneusis) resulted. 

In a recent series of 27 experiments asphyxial conditions were pre- 
vented by continuous ventilation of the lungs. The chest was laid widely 
open by removal of the costal cartilages and sternum from the 3rd to 
the 6th rib. Different mixtures of Og and Ng, to which sometimes a 
varying percentage of CO 2 was added, were forced from a large rubber 
bag through a tracheal cannula into the lungs, exits being provided by 
snipping the edges of all the pulmonary lobes. By this means the 
functions of the different centres and the effects" of the respiration of 
various gases could be studied uncomplicated by asphyxial conditions 
due directly to the unsatisfactory respiratory movements which might 
be occurring as the result of section of the brain stem, etc. 

It was found that the inspiratory tonus could be made to last 30 
minutes or more, and even then, only ending as the result of vagal stimu- 
lation, or other experimental interference. Fig. 1 from a cat whose brain 
stem had been severed at the mid-pons illustrates some of the results 
obtained in this class of experiments. The lungs w'ere perfused with an 
atmosphere composed of O 2 60 p.c., Ng 40 p.c. and the vagi were intact, 
but similar results are obtained also after vagotomy. The top tracing 
is from a tambour placed on the chest, the middle tracing is from ca 
similar tambour on the abdomen below the level of the ribs, and the 
lowest tracing is the blood-pressure, the zero of pressure being 25 min. 
beloiv the 5 second time tracing. Except when intentionally inhibite 
by electrical stimulation of the vagus, the inspiratory tonus lasted for. 
some 17 minutes at a time, until indeed from gradual blocking of the exit 
openings the ventilation became unsatisfactory. If, during this perio 
the trigeminus or vagus was stimulated by blowing air into the nos 1 
or larynx, or electrically, the apneusis was instantly inhibited (Fig- '• 
If this was done soon after the apneusis had commenced, the momen 
stimulation ceased the inhibition was removed and the inspiratory tonus 
was resumed. It was only necessary to periodically stimulate t e 0 
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By comparing the synchronous tracings of the thoracic and abdominal 
tambours, and by visual and tactile observation the correctness of this 



Fig. 3. Cat. Vagus cut. Thoracic (top) tracing — eviration as a depression below the base 
h'no. Abdominal (2nd) tmcing.~-expiration as a rounded rise between, and at one 
period higher than, the inspiratory rises. Active expiration at first thoracic spreads 
later to the abdorrrinal muscles soon eausing fatigue. Third tracing =B.'Pr. Zero 
33 mm. below the 5 sec. time tracing. 

interpretation was apparent. During respiration of the apneustio type 
these events occur so deliberately that it is easy to study and understand 
them (Kgs. 1 and 2). Purely expiratory spasms show on the abdominal 
tracing alone, but when they merge as they sometimes do into convulsions 
these show on both thoracic and abdominal tracings. This forms a ready 
and reliable means of differentiating these two processes (Pig. 4). 

Another series of experiments confirming the results previously 
published is illustrated in Pig. 5. Tracings 1 and 2 are from different 
cats. They show the effects of shutting off the blood supplyfrom the brain 
and its stem by ligature of both carotids and subseguent compression of 
both vertebrals. About half a minute after the blood is completely shut 
off the pneumotaxio centre fails, respiration becomes slow and theil 



Fig. 4. Cat. Cerebellum removed, the vagi cut and the brain stem severed at level III. 
At the arrow a further section of the medulla just below the stri® acoustic® (level IV). 
Apneuses instantly cease. Gasps and expiratory spasms continue, the latter at one 
stage pass into convulsions and only then show on the top (thoracic) tracing, while all 
spasms show on the middle (abdominal) tracing. Independence of the rhythms of 
gasping and expiration. 

However, as in the experiment of which Fig. 5 is a record, the vertebrals 
are freed before gasping ceases, recovery takes place in the reverse order. 
Gasps give place to short and then to long apneuses; by periodical in- 
hibition of these, slow respiration and soon normal breathing result. 
Active expiratory effects are usually not seen in such experiments on 
account of the rapidity with which the whole striae region dies. In Fig- 5 
the lowest line of tracings shows at 3 the failure of pneumotaxis from 
gradually increasing anaemia of the brain stem. It null be noted that the 
attempts to inhibit inspiratory tonus get progressively weaker till well 
marked apneuses appear. At 4 the reverse process is seen during recovery 
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from operative shock; here, apneuses are inhibited more and more suc- 
. cessfully till normal breathing is resumed. 



Pig. 5. See Text. Tracings 1 and 2 — respiratory failure from anemia and recovery. 3 — 
gradual failure of pneumotaxis. 4 — gradnal recovery. 1 and 3 are from one cat. 2 and 
4 from dlfierent cats. 

Both these classes o£ experiments suggest that the periodicity or 
rhythm of respiration is normally produced by periodical inhibition of 
apneusis, supplemented in all but the quietest breathing by stimulation 
of the expiratory centre. It follows that rapid respiration is an evidence 
of expiratory activity and not as has been assumed an inspiratory sign. 
Thus quick breathing must not, for instance when it follows vagal 
stimulation, be regarded as a proof that the vagi contain inspiratory 
fibres. 

Localisation of the expiratory centre. In a great many experiments 
in which section of the pons had been carried out it was noticed that 
when the central nervous system (and fvith it the various respiratory 
centres) were dying gradually from above doivnwards, expiratory pheno- 
mena invariably outlasted all evidences of the activity of the apneustio 
centre. When respiratory failure is rapid the apneustic and expiratory 
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centres usually die simultaneously so that in this case no expiratory 
phase is seen after apneustic failure (Fig. 5), After complete gradual 
apneustic failure active expiratory spasms continued along with gasping 
but that these two processes were due to distinct mechanisms was 
evidenced by the fact that they occurred neither synchronously nor with 
any regular relation one to the other. Thus the gasps may occur at any 
phase of the expiratory spasms during their onset, their height, or their 
recession (Figs. 4 and 6). After a short time (5 to 15 mins.) the expiratory 
efforts gradually fail and typical spasmodic and purely inspiratory gasping 
continues alone. 

These observations suggested that either the expiratory mechanism 
was more resistant than the apneustic mechanism or that the former was 
placed at a lower level in the brain stem. Now it is found that the 
expiratory mechanism tires readily when constantly stimulated, e.ff. 
when COj is in excess (Figs. 2 and 3), while inspiratory tonus is practi- 
cally tireless as long .as the apneustic centre is healthy. It was thus 
probable that the expiratory centre was not the more resistant of the 
two and that it would be found to lie below the apneustic centre hut 
above the gasping centre. 

Eleven experiments were performed to locate tha centre. The method 
used was that described in my former article up to the point when 
trephining had been effected. Thereafter most of the occipital bone was 
removed, haemorrhage was controlled by local pressure or by puslung 
wax into the cut surfaces of the bones. The cerebellum was spht along the 
middle line and its peduncles were severed. It was then removed and the 
brain stem thus exposed was divided just above the striae (crucial level 
III). The respiration became immediately of the apneustic type. A further 
section was next made just below the striae (level IV), inspiratory tonus 
at once permanently ceased, and instead powerful tetanic expiratory 
spasms interspersed with gasps occurred (Fig. 4). 

Unfortunately this latter section so seriously interfered with the 
blood supply to the medulla immediately below that the type of re- 
spiration invariably evoked was not long. maintained. The expiratory 
spasms increased in severity for a minute or two (cf. Figs. 2, 3) and 
reached a climax in which they became clonic and spread as a convulsion 
widely over the body and even to the limbs. Soon the intensity of the 
spasms diminished again and in five or six minutes they ceased; the 
gasping continuing alone. It was noticeable (Figs. 4, 6) that when active 
expirations and gasping went on concurrently they did so asynchronously 
each at its own independent rhythm. In some cases before the expiratory 
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spasms had censed a further section at crucial level V was made. This at 
once stopped the spasms, gasping continuing alone. Hemisectiou at 



Fig. 0. Cat. Brain atom out just below the strife (levellV). Gasping and expiratory spasms 
occur but are neither Bynchronous nor conelated. Top tracing, thoracic; middle, 
abdominal; lower, B.-Pr. 

level VI near the apex of the calamus halves the height of the gasps, 
completing this section causes their immediate cessation and death rapidly 
supervenes. 

These experiments confirm the facts observed in animals whose brain 
stem is slowly dying from above downwards. They indicate that a special 
centre for active expiration does exist and that it is placed immediately 
below the level of the striaa acousticse but well above the gasping centre 
or nceud vital. 

A number of experiments have been carried out in order to show the 
specific effect on each of the centres, of various afferent nervous impulses 
and of chemical changes in the blood circulating through them. It is 
proposed to report later the results obtained. 

Discussion. 

In describing their observations on the respiration of decerebrate cats, 
Trevan and Boock(5) mentioned that sometimes the thoracic and 
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abdominal inspiratory rbytbms appeared to be dissociated in time, the 
tborax rising first and later the abdomen. I think it probable that they 
mistook the expiratory protrusion of the abdomen for an inspiratory 
effect. I was myself guilty of this mistake until by taking a tracing direct 
from an expiratory muscle (external oblique) I learnt, correctly to 
interpret, the tracings from the abdominal parietes. A glance at Figs. 2 
and 3 will show how easily such a mistake may arise." The fact is, how- 
ever, that diaphragmatic and thoracic inspiratory movements are in all 
cases synchronous. This is what we would expect since both occur in 
response to efferent impulses leaving the same (apneustic) inspiratory 
centre. 

Meyer and Meltzer(7) reported that the innermost abdominal muscle 
in chickens, which is purely expiratory, contracts regularly with each 
expiration. When the vagus is stimulated the chest becomes quiescent 
in the inspiratory position; whilst the expiratory muscle remains com- 
pletely relaxed. This, they pointed out, was an instance of the general 
law of contrary inhibition or, as Sherrington calls it, reciprocal innerva- 
tion. Head (8) had previously demonstrated the reverse condition, viz. 
that during expiration the diaphragm shows compensatory elongation. 
My own tracings taken separately from inspiratory and expiratory 
muscles in rabbits, and careful visual observation of the exposed dia- 
phragm and abdominal parietal muscles in cats, confirm the above results. 
It may I think be concluded that during both inspiration and expiration 
the inspiratory and expiratory muscles oppose each other reciprocally 
by a continuous variation of tone upwards and downwards so that neither 
set of muscles is ever out of action for any length of time. But for such 
an arrangement each of the processes would be jerky and incoordinated. 
An example of unopposed inspiration is afforded by gasping such as 
occurs after section of the brain stem at level V. A sudden spasmodic 
inspiration is followed at once by collapse of the chest. The breath is not 
retained long enough to allow full interchange of the gases in the lungs. 
The process is hence quite imsatisfactory as a permanent respiratory 
method and has little similarity to controlled normal respiration. 

It is certain that the expiratory centre acts quite independently of 
the gasping centre and it is very doubtful whether even the apneustic 
centre has any relation to the gasping centre except in the direction of 
' inhibition. My view is that gasping is a relic of some transitory primitive 
\espiratory process half way between gill and lung respiration as a fish 
gasps when taken out of the water. Yet I have seen so many instances 
in which gasping has been sufficient to revive animals whose higher 
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respiratory centres have temporarily failed that I feel no surprise that 
the faculty has persisted in the evolutional struggle. 

Prom watching the breathing of sea-lions I find that even when on 
shore their respiration is of a pronounced apneustic type. Periods of 
prolonged inspiratory tonus are separated by one powerful sudden 
expiration. When a seal rises for air a sudden violent expiration almost 
like a cough is instantly followed by a fresh apneusis and the animal 
sinks again for it may be some minutes. 

Tortoises, turtles, alligators and crocodiles sometimes remain under 
water for an hour at a time and even when on land they retain each 
breath for 5 to 20 minutes. At the end of this pause the first movement 
is expiratory. One or two slow breaths may be taken and expelled, a final 
inspiration then occurs, the nostrils now close until after some minutes 
expiration determines the onset of the next respiratory cycle. Here, as 
in mammals, it is the incidence of expiration which settles the respiratory 
rate by terminating more or less frequently the inspiratory tonus which 
is in reptiles the position maintained during the prolonged respiratory 
pause. The reptilian type of breathing is thus purely apneustic and such 
as occurs in a oat whose pneumotaxic centre has been removed and in 
which continuous ventilation prevents the rapid onset of asphyxial 
conditions. 

While this apneustic type of breathing suits excellently animals of 
amphibious habits, it is neither satisfactory nor necessary in the case of 
purely terrestrial beings. Hence I suggest arose the call for a higher centre 
automatically and periodically to inhibit apneuses and so produce 
respiration of normal type. Such is clearly the function of the pneumotaxic 
centre in the upper part of the pons, for when it is eliminated, e.g. by 
section (at level II), true -rhythmical respiration no longer occurs. In 
rabbits, this centre is less indispensable than it is in cats, monkeys, and 
probably in man. To some extent a dominant vagus replaces in rabbits 
the pneumotaxic centre. In these animals removal of the pneumotaxic 
centre alone does not stop rhythmical respiration, neither does vagotomy 
if the pontine centre is uninjured, but if the pneumotaxic centre and the 
vagi are both put out of action then apneustic respiration becomes at once 
fully developed, and is in every way comparable to that produced in oats 
and monkeys by destruction of the pneumotaxic centre alone (see Fig. 2). 
This confirms the results described by Rosenthal(6), Marckwald(2) 
and others in rabbits. 

Expiration during quiet respiration is largely passive and is probably 
managed by simple inhibition of the apneustic centre by the automatic 
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abdominal inspiratory rbytbms appeared to be dissociated in time, the 
tborax rising first and later tbe abdomen, I think it probable that they 
mistook the expiratory protrusion of the abdomen for an inspiratory 
effect. I was myself guilty of this mistake until by taking a tracing direct 
from an expiratory muscle (external oblique) I learnt, correctly to 
interpret, the tracings from the abdominal parietes. A glance at Kgs. 2 
and 3 will show how easily such a mistake may arise. "The fact is, how- 
ever, that diaphragmatic and thoracic inspiratory movements are in all 
cases synchronous. This is what we would expect since both occur in 
response to efferent impulses leaving the same (apneustic) inspiratory 
centre, 

Meyer and Meltzer ( 7 ) reported that the innermost abdominal muscle 
in chickens, which is purely expiratory, contracts regularly with each 
expiration. MTien the vagus is stimulated the chest becomes quiescent 
in the inspiratory position; whilst the expiratory muscle remains com- 
pletely relaxed. This, they pointed out, was an instance of the general 
law of contrary inhibition or, as Sherrington calls it, reciprocal innerva- 
tion. Head (8) had previously demonstrated the reverse condition, viz. 
that during expiration the diaphragm shows compensatory elongation. 
My own tracings taken separately from inspiratory and expiratory 
muscles in rabbits, and careful visual observation of the exposed dia- 
phragm and abdominal parietal muscles in cats, confirm the above results. 
It may I think be concluded that during both inspiration and expiration 
the inspiratory and expiratory muscles oppose each other reciprocally 
by a continuous variation of tone upwards and downwards so that neither 
set of muscles is ever out of action for any length of time. But for such 
an arrangement each of the processes would be jerky and incoordinated. 
An example of unopposed inspiration is afforded by gasping such as 
occurs after section of the brain stem at level V. A sudden spasmodic 
inspiration is followed at once by collapse of the chest. The breath is not 
retained long enough to allow full interchange of the gases in the lung»- 
The process is hence quite unsatisfactory as a permanent respiratory 
method and has little similarity to controlled normal respiration. 

It is certain that the expiratory centre acts quite independently o 
the gasping centre and it is very doubtful whether even the apneustic 
centre has any relation to the gasping centre except in the direction o 
V inhibition. My view is that gasping is a rehc of some transitory primihre 
Respiratory process half way between gill and lung respiration^ as a s 
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PULMONARY CEDEMA AND CONGESTION IN THE 
HEART-LUNG PREPARATION. By D. T. BAREY. 


{From the Institut Marey, Boulogne-sur-Seine 
and University College, Cork.) 

One’s first efforts with the heart-lung preparation of Starling are beset 
with many difficulties. The most troublesome incident is the occurrence 
of oedema of the lungs which comes on sometimes quite suddenly even 
when one thinks that the conditions are not favourable to it. 

Knowlton and Starling(5) ascribe the condition chiefly to over- 
filling of the pulmonary vessels from the venous reservoir. Now Patter- 
son, Piper and Starling(8) have shown that the heart adapts itself 
with apparent ease to great increase of venous inflow, up to 2500 c.c. 
per min. with a heart of 66 grams, and pumps the blood freely through 
the arterial system as long as there are no undue obstacles to output. 
Accordingly, though the pulmonary vessels be dilated to accommodate 
an extra amount of blood when the venous flow is increased, we should 
expect no very serious engorgement or obstruction of pulmonary flow 
imtil the heart fails to cope with the increased supply. As Starling(io) 
has shown, there can be little exudation until the pressure in the small 
vessels exceeds the osmotic pressure of the proteins in the blood. With 
pressures of 10 to 12 cm. of water in the right auricle it is probable that 
the pressure in the arterioles of the lung would not be much above 
30 mm. Hg., thus permitting an insignificant filtration pressure with the 
colloid concentration of normal blood. In the writer’s experiments the 
lungs have withstood oedema for long periods with this venous pressure, 
that is, they have been freely flushed with blood containing a suitable 
amount of colloids without the occurrence of oedema unless arterial 
obstruction or valve lesion supervened. Congestion usually precedes 
oedema in these latter conditions. Chillingworth and Hopkins(b, 
working with an animal in a plethysmograph, were able to occlude com- 
pletely the pulmonary vessels so that no blood passed through to the 
left side of the heart. The maximum pressure attained in the pulmonary 
artery was 80 mm. Hg. Probably that in the arterioles wms 30 mm. less, 
and with incomplete occlusion though still wdth considerable resistance 
it would be further reduced by 15 or 20 mm. Hg. 
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When the blood was but sligh% diluted below the standard to be 
given presently it was noticed, when oedema set in, that there was a 
difference between the amount of blood put out on the arterial side and 
the possible intake as marked bj' the venous tap. That is to say, the 
blood was held up in the lungs. In some instances, with a moderate flow 
and appreciable dilution, oedema occurred when there was practically 
no difference between output and amount let in. This means that e.xuda- 
tion occurs with diluted blood independently of obstruction and of amount 
of flow. 

Another factor in exudation which is supposed to be important is 
increased permeability of the vessel walls. The stretching of the lung 
vessels should not cause this, for otherwise, there must be risk of pul- 
monary oedema with any sustained increase of venous pressure in great 
physical efforts. It is a question whether the pulmonary vessels lose tone 
and resistance when*c.xposed, thus becoming more permeable. It would 
seem to be implied by Knowlton and Starlingf/) that they do, as the 
occurrence of oedema in natural conditions must require something more 
than the increased venous flow to which they refer. The lungs can resist 
the mere exposure for long periods, since in the natural conditions of the 
circulation, mth the chest open, the lungs show greater resistance than 
with the artificial conditions of the heart-lung preparation. The exudation 
into the alveoli and bronchioles which occurs in addition to that into the 
interstitial tissue is predisposed to by excessive ventilation and cold air. 

The troubles which the writer experienced with cedema occurred 
chiefly in connection with experimental valve-lesions. When the valve 
was kept incompetent for some time and compensation began to fail, 
oedema set in more readily. Mitral regurgitation was established through 
an opening cut in a gum elastic catheter about lA inches from the “eye.” 
Inserted through the auricular appendix, the catheter was pushed down 
so that the lower end was in the ventricle and the extra opening in the 
auricle, while the upper end was plugged or connected to a manometer. 
In some recent experiments a glass tube ivith a plunger, and a similar 
opening has been used instead. IVhen the plunger is drawn out past the 
opening in the auricle regurgitation sets in. This tube was suggested by 
that of Wiggers(U), but his was inserted through the ventricle wall. The 
great advantage of the tube adopted in these experiments is that according 
to the size of the extra opening blown in the tube the volume of regurgi- 
tated blood can be varied. 

An investigation of the condition of pulmonary oedema has been 
undertaken not merely with a view to prolonging the “life” of the heart- 
PH. LVII. 24 
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A. Simple oedema was taken to be established when froth appeared 
in the tracheal tube. The frothing is sometimes slow in setting in and the 
pulmonary tissue may show pitting and defective entry of air long before 
it. These symptoms were taken as sufficient indication in most cases 
where remedial measures are reported as successful, but frothing was the 
general indication of onset with the higher dilutions. It is more reliable 
for giving a uniform standard of comparison. 

B. Congestion was marked at the bases of the lungs; with it super- 
vening on oedema the froth generally became red. The exudate contains 
haemoglobin. Cannon, Hooper and Frasercs) cite a similar result from 
increased concentration of salt in the fluid injected. It is necessary to 
state that although hypertonic saline was used in some of my experiments 
this sanious exudate also occurred with isotonic fluid. 

In making membranes for ascertaining osmotic pressures I have 
sometimes set up one consisting of cloth impregnated with celloidin 
which proved to be easily permeable to haemoglobin. A pressure of 15 
or 20 mm. Hg was registered when blood was tried against Kinger’s 
fluid with such a membrane, the pressure then falling back to zero with 
difiusion of haemoglobin into the saline. When the blood was made 
hypertonic with sodium chloride the diffusion seemed to be better marked, 
but no accurate observations were made from this standpoint. Gum is 
much less diffusible, and this is a point of some significance if it be pro- 
posed to treat oedema with gum injections, especially toxic forms where 
there is increased permeability of the vessel walls and albumen in the 
exudate. 

The permeability of the lung capillaries then permits the passage of 
haemoglobin. When such an exudate accompanied congestion the two 
factors of low osmotic pressure and obstruction to output were generally 
well marked. Haemolysis quickly sets in in defibrinated blood with the 
addition of a little Ringer’s fluid. In defective osmometers, as already 
stated, haemoglobin may pass out when the pressure is slightly raised 
within the system; this is most marked with whipped or diluted blood 
with some degree of laking. There is less diffusion of haemoglobin with 
fresh, oxalated blood. In the condition of oedema the haemoglobin is 
generally held back, but when congestion supervenes the exudate becomes 
sanious. One generally associates congestion with mechanical obstruction, 
without giving much attention to the composition of the blood. One may 
even t.'hink that a diminished viscosity would mean diminished friction 
and therefore less tendency to congestion, but the tone of the vessel 
walls seems to fail with the increased permeability, so that congestion is 
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facilitated, as well as oedema. In dogs whicli have been kept for some time 
in the kennels, without exercise, there is often some hypostasis of the 
lung to begin with. If the limits and degree of this are marked before- 
hand, it need not interfere with one’s observations. It cannot be taken 
as an objection to the experiments, for such lungs function like the per- 
fectly normal organs in ordinary conditions, and the normal lungs behave 
in exactly the same way ns the affected one in abnormal conditions. 
Mere pigmentation is not to be mistaken for hypostasis. 

C. Eochymoses resulted when the back pressure was great enough to 
cause rupture of small blood vessels in scattered patches. Although the 
amount of obstruction necessary to produce them is considerable, it is 
somewhat less than was at first thought probable. Given this obstruction 
they come on very rapidlv and they may be produced without the 
obstruction causing permanent injury’ to the heart. 

The blood was carefully examined in each experiment. The osmotic 
pressure could not be taken with sufficient case or speed to make it a 
routine practice with each observation, but it was estimated for repre- 
sentative samples from time to time. The specific gravity was taken 
regularly by means of a series of mixtures of chloroform and benzene 
varying from 1045 to 1058, verified and corrected from day to day’. The 
specific gravity, taken alone, is of little value as an indication of the 
osmotic pressure and viscosity ; they have to be considered in addition. 
Viscosity has been taken as the chief indication of quality in all these 
experiments although it does not bear a linear relationship to osmotic 
pressure. The corpuscle content was measured in many samples as was 
the oxygen capacity. 

An analysis of the gum arabic used was made by my colleague. 
Prof. Dixon, to whom I beg to express my best thanks. It shows a little 
over 3 % of ash. This includes calcium, potassium, with scarcely a 
trace of sodium. The Ca and K are chiefly combined with organic acids. 
Taking a strong solution (1) of 11 % in Einger’s fluid and diluting it 
10 %, 20 %, etc., we get the following figures for viscosity and specific 
gra-vity with this gum. 


Solution 



% 

Viscosity 

Sp. Gr. 

1 

11 

3-8 

1042 

2 

9-9 

3-4 

1038 

3 

8-8 

3 

1035 

4 

7-7 

2-45 

1031 

5 

6’6 

2-10 

1028 

6 

6*5 

l'G8 

1024 


jFor the pure “Turkey elect” gum employed by Bayliss(2i and used 
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A. Simple oedema was taken to be established when froth appeared 
in the tracheal tube. The frothing is sometimes slow in setting in and the 
pulmonary tissue may show pitting and defective entry of air long before 
it. These symptoms were taken as sufficient indication in most cases 
where remedial measures are reported as successful, but frothing was the 
general indication of onset mth the higher dilutions. It is more reliable 
for giving a unif orm standard of comparison. 

B. Congestion was marked at the bases of the lungs; with it super- 
vening on oedema the froth generally became red. The exudate contains 
hsemoglobin. Cannon, Hooper and Fraser(3) cite a similar result from 
increased concentration of salt in the fluid injected. It is necessary to 
state that although hypertonic saline was used in some of my experiments 
this sanious exudate also occurred with isotonic fluid. 

In making membranes for ascertairdng osmotic pressures I have 
sometimes set up one consisting of cloth impregnated with celloidin 
which proved to be easily permeable to hsemoglobin. A pressure of 15 
or 20 mm. Hg was registered when blood was tried against Ringer’s 
fluid with such a membrane, the pressure then falling back to zero with 
diffusion of haemoglobin into the saline. When the blood was made 
hypertonic with sodium chloride the diffusion seemed to be better marked, 
but no accurate observations were made from this standpoint. Gum is 
much less diffusible, and this is a point of some significance if it be pro- 
posed to treat oedema with gum injections, especially toxic forms where 
there is increased permeability of the vessel walls and albumen in the 
exudate. 

The permeability of the lung capillaries th^n permits the passage of 
haemoglobin. When such an exudate accompanied congestion the two 
factors of low osmotic pressure and obstruction to output were generally 
well marked. Haemolysis quickly sets in in defibrinated blood 'with the 
addition of a little Ringer’s fluid. In defective osmometers, as already 
stated, haemoglobin may pass out when the pressure is slightly raised 
within the system; this is most marked with whipped or diluted blood 
with some degree of laking. There is less diffusion of haemoglobin with 
fresh, oxalated blood. In the condition of oedema the haemoglobin is 
generally held back, but when congestion supervenes the exudate becomes 
sanious. One generally associates congestion with mechanical obstruction, 
without giving much attention to the composition of the blood. One may 
even think that a dimi nished viscosity would mean diminished friction 
and therefore less tendency to congestion, but the tone of the vessel 
walls seems to fail with the increased permeability, so that congestion is 
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relieved by the injection of gum but this objection could not hold if the 
corpuscular margin were not too narrowed. 

In some cases viscosity was raised by the addition of blood which 
had been allowed to clot, the clot being broken up and squeezed through 
a cloth. This has a high viscosity owing to clumping — up to 5 — ^which 
may be shown by a wide bore viscosimeter (it quickly clogs a narrow 
bore). It possesses an advantage over gum only when the circulating 
fluid has become very dilute with great reduction of the hemoglobin. 
Osmotic pressure is not raised by it in a corresponding measure to 
viscosily. 

In some instances, work was tried with the dead preparation. This 
can be used for many observations as the blood can be pumped through 
the apparatus by squeezing the ventricles with the hand. CEdema comes 
on .with dilution of the blood as in the living eondition, and clears up on 
the addition of gum. 

Eesults. 

I. Varying composition of the blood, (a) Low inflow and arterial resist- 
ance (A.R.); (6) high inflow and a.e. The protocols will show what occurs 
with the changes. For the dilution of blood the quantity in circulation 
was estimated from the capacity of the apparatus, of the heart and lungs 
and the amount seen in the venous reservoir. Something more than half 
of the requisite quantity of saline was added at once to the reservoir and 
the rest gradually during a minute or so. If the total amount were 
immediately added the lungs would at first receive a greater dilution than 
intended. The dilution must be considered approximate. Some dis- 
crepancies in sp. gr., etc., from those of standard deviations will be 
noticed. 

(a) Exp. 1. In this and other protocols + indicates pitting of the lung and defective entry 
of air, and + -H indicates simple ccdeina or congestion. 


Saline 

% 

Sp. Gr. 

ViBcoaity 

Corpnsclea 

®/ 

/o 

(Edema 

Time 

min a. 

10 

1053 

2'7 

36 

0 

10 

15 

1050 

2*4 

33 

+ 

10 

20 

1045 

2-2 

30 

+ + 

5 


From this it may be stated that oedema becomes quickly established 
in the easiest working conditions with blood, the viscosity of which has 
been reduced by about a quarter. Of course, it is not the viscosity which 
matters so much as the colloid osmotic pressure, but it provides a fair 
indication of this pressure in the solutions used. 
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(a) Exp. 2. 


Saline 



Corpuscles 


Time 

/o 

Sp. Gr. 

Viscosity 

0/ 

/o 

CEdema 

mins. 

10 

1051 

2-C 

34 

0 

10 

15 

1048 

2-4 

32 

-I- 

10 

20 and gum 

1048 

2-8 

29 

0 

10 


Here the oedema which began to appear with a viscosity of 2-4 dis- 
appeared when this was raised to 2-8, the last dilution was made with 
hypertonic saline (about 1-5 %) containing 10 % of gum. 


(6) Exp. 1. Blood diluted nearly 20 %, plus a little gum, having sp. gr. lO-iO; 


Inflow 

viscosity -2-5; 

corpuscles 25 

0/ 

/o- 




Time 

c.c. 

A.R. 

ffidema 

Congestion 

Ecchymoses 

mins. 

15 

100 

+ 

-1- 

0 

5 

20 

150 

-f -f 

-f + 

+ 

5 


In this experiment congestion was seen early with a moderate flow and 
pressure. The exudate was sanious from the beginning so that congestion 
and oedema were practically simultaneous. Some 20 mins, from the 
setting up of the preparation, the heart was in fibrillation the blood 
being dark and thin; the heart had been beating apparently well on a 
10 c.c. flow and a.r. = 60 when the amounts cited above were tried. 
The dearth of corpuscles in these solutions is but a small factor in the 
result. The other defects of the blood are chiefly responsible; the heart 
displays considerable resistance with similar percentages of corpuscles 
when viscosity is high and the lungs remain active. 

(Edema and congestion are conditions of great moment when they 
supervene to complicate heart afiections. Meakins(6) points to the r6le 
of the cedematous surface of the alveoli as a factor in oxygen desaturation 
with tachycardia. He suggests overcoming the diflflculty by increasing 
oxygen pressure in the alveoh. From the results of the experiments now 
being described it seems that something more might be done than in- 
creasing oxygen pressure. Eow blood viscosity was found in some cases 
of valvular disease of the heart, accompanied by engorged lungs and 
excessive bronchial discharge. In one of these, seen in conjunction with 
Dr M. Cagney, the oxalated blood drawn from a vein had a sp. gr. of 
1054 and viscosity 2*7. The intravenous injection of gum to raise the 
colloid osmotic pressure in such cases should be of some service, althoug 
it is true that in the experiments it was only instances of mild oedema 
which cleared up fully when the osmotic pressure was increased. 

n. Blood, of cotistant composition (viscosity 2*6, corpuscles 30) wit 
i^arying flow, a.r. and valve changes. 
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Erp. 1. 

InBow 

c.c. 

A.K. 

M. valve 

(Edema 

Congestion 

Ecchymoses 

Time 

mins 

15 

100 

Incompl. 


0 

0 

5 


120 

+ 

4- 

0 

5 

25 

180 

„ 

+ + 

+ + 

+ 

5 


With a flow and pressure equal to those with which congestion and 
eoohymoses were caused in this case, the heart succumbed in other cases 
before these could be sot up in the lung. If the oedematous condition be 
in existence some time, of course the musculature suffers from the 
anoxaemia of the blood and fibrillation is to be expected with extra 
demands upon it. It is best to produce the defect in the valve before- 
hand and then to proceed quickly. It is compensated until the new 
factor disturbs it. 

Wiggers(ii) did not find that the lungs were prone to congestion as 
a result of a lesion of the mitral valve. He employed the heart with 
natural circulation. In this he was unable to produce any graduated 
increase of arterial pressure and used simple saline solution for increasing 
the venous flow but gave no definite figures for measurement of that flow. 
As he had no troubles to record from cedema of the lungs presumably he 
made but slight modifications of flow. Wiggers(i2/ objects to the heart- 
lung preparation for research of this sort on the grounds that it tells 
what can occur with changing conditions rather than what does occur 
tvith natural change. Exact measurements of intake and output are 
certainly an advantage in most forms of investigation, and it is only in 
the heart-lung that they can be made. For this reason, if for no other, 
the heart-lung must be considered a very desirable preparation. 

There is no doubt that congestion of the lungs is more liable to occur 
when the valve is made defective than when it works efficiently, but 
congestion maj^ come on without any lesion of the valve when the venous 
flow and arterial pressure are high. It is predisposed to by an cedematous 
condition, and by certain changes in the blood. 

By pressure on the pulmonary vein at the root of one lung a one-sided 
congestion has been sometimes set up. This causes a great increase in 
size of the lung ivith gradual occlusion of air until no further expansion 
occurs with the inspiratory stroke. Sbght exudation on the surface is 
noted after a time in some of these cases, with some pitting on pressure, 
but for a long time there is no true oedema if the composition of the blood 
be favourable. The gradual addition of saline to this causes the typical 
sanious exudate to appear in the cannula, that is, when the pressure on 
the vein is intermittent. Section shows this exudate in the alveoli and 
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vago-sympatlietic nerve with vagal effect is invariably followed by £ 
decrease of the surface tension of the perfusing salt solution, hut thal 
stimulation wuth sympathetic action is always followed by a marked 
increase of this tension, so that it rises to the value of the pure salt 
solution. Thus, the functional antagonism of vagus and sympathetic 
action on the heart is accompanied by a physico-chemical antagonism 
^ of the perfusing salt solution. As capillary active changes have a special 
importance for the permeability of the cell-membranes and so for the 
fundamental processes of excitation and inhibition, these results may 
have some interest for the general theories on the subject. 

The methods used were very simple. The heart was perfused from the 
inferior lower vein in siiu; the fluid, emerging from a cannula in the right 
aorta was collected in a watch glass and the surface tension measured at 
once. The venous cannula was inserted in the venous sinus; the hepatic 
veins and the left aorta were ligatured. The perfusion liquid was com- 
posed of NaCl -50 %, NaHCOg -15 %, CaCk -Saq -020 %, KCl -01 % 
and CO 2 till pH ~ ± 8. In this arrangement the heart norrnally survived 
for 2-3 days if the water used was distilled in Jena-glass vessels. As the 
surfane tension of the emerging fluid was the factor to be measured, 
special attention has to be given to the absolute cleanliness of all objects 
which come in contact with the salt solution; the watch glasses must not 
be touched wdth the fingers, etc. The stimulation of the vago-sympathetic 
nerves was effected by means of electrodes in the Eustachian tubes. In 
the beginning of our researches the vagal effects always were the strongest; 
in later experiments the primary sympathetic effects became more in- 
tense. But generally there appeared in the curves a domination of vagal 
and sympathetic effects alternately, and the surface tension of the fluid 


pressed out varied accordingly. 

Before describing our experiments with vagus and sympathetic ex- 
citation we must make a general remark on the surface tension of a salt 
solution which has just passed through the heart. Immediately after the 
beginning of the perfusion the tension of this pure salt solution (76-/ 
dynes per cm.) is considerably decreased by the washing away of t e 
blood. If a slight lowering of the surface tension is to be traceable, it is 
necessary that the tension of the solution just leaving the aorta sboul ® 
as high as possible, viz. the tension of a pure salt solution. The tensiou 
of pure water is 75 dynes, and of the salt solution 76-77 dynes 

T^Tien the blood and plasma of the heart cavities are remove , 
tension of the perfusing salt solution will rise for a very short time to 1 
highest value of 76-77 djTies per cm. But this tension is very soon 
by the presence of lipoids, which dissolve slowly from the cel sur 
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os was described by Clark in his work on the hypodynamio heart, and 
this is the condition in which the aortic solution remains for 4-7 hours 
after the beginning of the perfusion. Fig. 1 gives a general survey of the 
process described. After this period of washing away of lipoids, the 
surface tension is raised to the value of pure salt solution and so it 
remains; further, if no vagus excitation takes place, the heart ne.xt day 
becomes hypodjTiamic. 
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sympathetic action does not disappear gradually but rather suddenly. 
This steep fall in the curve is accompanied by a small but distinct lowering 
of surface tension. 



Fig. 7. 

Rnally, Fig. 8 shows the combination of vagal and sympathetic effect 
and the influence of the surface tension of the perfusing liquid. In this 
curve the auricular contractions are also visible. The heart had already 
been perfused for some hours and the capillary active substances were 
completely washed away. The first stimulation of the vago-sympathetic 
nerve at 1 caused a vagal inhibition which was not followed by a sympa- 
thetic after-effect (see also auricular contractions). In accordance with 
this process the surface tension decreased by the first stimulation does 
not rise again but remains lowered until the second stimulation, three 
hours later. This second stimulation had a primary sympathetic in- 
fluence (at 2 and 3) and the surface tension rose to the water value for 
some moments. The then following disappearance of auricular contractions 
and the negative inotropic influence on ventricular contractions indicate 
the domination of a vagus after-effect (at 4) and the surface tension is 
decreased accordingly, till a sudden second outbreak of the sympathetic 
influences occurs (at 5) and the surface tension is raised at once to the 
value of a pure salt solution. The further stimulations followed the same 
cycle of alternating vagal and sympathetic effects with their reflection 
in the perfusing solution. 

In this way we always found that a vagus influence is accompanie 
by decrease of surface tension of the perfusing saline, caused by the libera- 



Fig. 8. A. The tensiomras 77'3 from 11.30 a.m. to2p.ni., when the first tracing of the figure 
began. Weak vagus inhibition \vithout sympathetic after-effect. 

Ji and C. Alternation of vagal and sympathetic infiucnces. 

We have made no pharmacological stimulation or inhibition, because 
it was our object to investigate the production of nerve-stimulating sub- 
stances in conditions as physiological as possible. We believe we have 
demonstrated in a purely physico-chemical way that vagus-excitation 
is accompanied by production of an organic substance which can be 
detected in the perfusing saline and that sympathetic excitation is com- 
bined with a process by which the vagus substance is rendered capillary 
inactive, or prevented from solution in the liquid. In a further com- 
munication we hope to give a more definite analysis of these phenomena. 
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CARBON DIOXIDE TENSION AND OXYGEN CON- 
SUMPTION DURING ARTIFICIAL RESPIRATION, 
ACIDOSIS AND ALKALOSIS, 

By J. ARGYLL CAMPBELL. 

(Frm the National Institute for Medical Besearch, Hampstead.) 

bi a paper recently pnblislied(i) it was shown that mjection^ of air under 
the skin afforded a ready means to examine changes inCO^ partial pressure 
within the body; and also, that artificial respiration reduced the COj 
tension in air under the skin or in air in the abdoimnal cavity. In further 
observatiojas very vigorous artificial respiration was employed; it was 
expected that the CO2 partial pressure within the body would be very 
rapidly and very markedly reduced thereby. On the contrary it was 
found that in most casS's the reduction was fairly slowin rate andmoderate 
in degree. It was therefore considered that the body was actively replacing 
the GOg pumped out by the artificial respiration and the experiments 
described in the present paper give evidence in support of this hypo- 
thesis. The carbon dioxide tension in various regions of the body, the 
carbon dioxide expired and the oxygen consumption y^ere estimated 
before and during artificial respiration and before and after intravenous 
injection of acid and alkali. In some cases the blood-pressnre was recorded. 

Methods. Air was injected under the skin by means of an ordinary 
hypodermic needle, left in situ, a small piece of rubber tubing closed by 
a clip being attached to the outer end of the needle. Escape of air was 
prevented partly by the elasticity of the skin and also by gently pinching 
the skin around the needle by means of another clip. Air was injected 
into the abdominal cavity by means of a glass carmula inserted dniing 
anaesthesia. Alveolar COg tension was estimated by the Higgins-Plesch 
method as used in the previous research (i) and the oxygen consumpnou 
by a shght modification of the Douglas-Haldane method of indirect 
calorimetry. COg content of blood was estimated by Van Slyke’s method 
and the CO2 tension from curves obtained by equilibrations of samples 
of the blood of the same animal with known mixtures of air and GO3. 
Artificial respiration was performed with Schuster’s double action 

p\nnp0). 

1 When nnanjesthetised cats -were used, the injections were carried ont b/ mj 
^ Dr W. E. Gye. 
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The effects of artificial respiration on the carbon dioxide partial pressure 
in air under the shin and in the abdominal cavity. Air was injected under 
the sldn and into the abdominal cardty about a couple of hours before 
artificial respiration was commenced, in order that the CO^ tension in 
this air might attain equilibrium with that of the surrounding tissues. 
IVhen the COj tension had become constant, artificial respiration was 
commenced. By this means air was pumped into and withdrawn from the 
lungs about 180 times per minute. Table I records the results. The total 
litres of air pumped into and out of the lungs per minute are given. If 
these figures be divided by 180, the amount of air pumped into and with- 
drawn by each stroke of the pump will be obtained; the average amount 
was 60 c.c. per stroke in the skin experiments and 60 c.c. in the abdominal 
cavity experiments. Arti^cial respiration at 8-9 litres per min. performed 
for 139 mins, reduced the COj tension in air under the skin on an average 
from 41mm. to 30 mm.; whilst artificial respiration, at 11-1 litres per 
min., performed for 92 mins, reduced the COj partial pressure in air in 
the abdominal cavity on an average from 46 mm. to 20 mm. The lowest 
figure for the sldn experiments was 21 mm., and for the abdominal cavity 
experiments 12 mm. 

It seems probable that artificial respiration lowered the COj tension 
more rapidly and somewhat more markedly in air in the abdominal 
cavity than in air under the sldn. Besults published in the previous 
paper(i) indicated that under certain other conditions, e.g. increase of 
external temperature, the COj tension was higher in air under the skin 
than in air in the abdominal cavity. 

During artificial respiration the COj tension was highest in the tissue 
spaces, e.g. abdominal cavity, whilst it was lower in the venous blood 
than in the tissue spaces, and lower in the arterial blood than in the venous 
blood and much lower in the pumped-out air than in the arterial blood. 
After 164 mins, of artificial respiration in Exp. 10 the COj partial 
pressure had fallen from 64 mm. to 12 mm. in the air in the abdominal 
cavity, whilst it was 10 in the venous blood of the heart, 7-5 in the arterial 
blood of the femoral artery and 1-1 in the air pumped out from.the.lungs. 
The air pumped out from the lungs could not be taken as a guide to the 
aveolar air. It was difiicult to block up completely a bronchus during 
artificial respiration, but the results obtained from such attempts with 
a catheter showed that the COj tension in the alveolar air during pumping 
was at least from 3-6 times greater than that in the pumped out air. 
From these experiments it seemed evident that the reduction of COj 
tension in the tissues by artificial respiration was neither so great nor so 

25—2 
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rapid as it was expected to be; tbe body was probably actively producing 
CO 2 to replace tbe COg pumped out. To investigate this question the 
CO 2 output and the O 2 intake was estimated. 

Metabolism and blood-pressure before and during artificial respiration. 
The metabolism, before artificial respiration, was estimated under 
anaesthesia by a slight modification of the Douglas-Haldane method. 
A small T-shaped tracheal caimula was fitted with respiratory valves 
designed by Lovatt Evans. The air was collected for from 10 to 20 mins, 
in a small Douglas bag, samples of air being analysed by the Haldane 
apparatus. Table II A gives the results obtained with cats under mrethane; 
a small amount of ether was used during the operations for insertion of 
the tracheal and carotid artery cannulse. The average figures obtained 
for CO 2 were 254 c.c. per kilo, and per hour and for O 2 324 c.c. per kilo, 
and per hour. 

The metabolism during artificial respiration was estimated by col- 
lecting the air pumped out from the lungs in an ordinary sized Douglas 
bag, connected by a rubber tube to the outlet pipe of the double-action 
pump ; usually 50 litres of air were collected. It wiU be seen from Table IIb 
that the average percentages for CO 2 output and for O 2 intake were very 
low, namely, on an average, 0-29 and 0’35 respectively. Because they were 
so low very great care was taken to be sure that they were correct. Four 
samples of air were analysed by two persons. The Haldane apparatus is 
known to be quite accurate enough to estimate such- low percentages if 
due care be taken. The CO 2 estimations by different persons were usually 
exactly the same in the present series. As the. O 2 estimations did not show 
quite such close agreement the lowest — not the average — figures obtained 
for O 2 absorbed, were used in the calculations. Accurate analyses were 
also made of the laboratory air which was pumped into the lungs. 

Table II b shows that during artificial respiration the average figures 
for CO 2 output were 663 c.c. per Idlo. and per hour, whilst the average 
O 2 figures were 857. This average includes some figures from animals not 
included in Table II a. If only the averages for the same animals as m 
Table 11 A be taken, the figures for CO 2 were 552 and for O 2 719 c.c. per 
kilo, and per. hour. It is thus evident that both the CO 2 output and the 
O 2 intake were over 100 p.c. higher during artificial respiration (Table 
II b) than before artificial respiration (Table II a). This indicates a marked 
effort on the part of the body cells to make good, by increased meta- 
bolism, the loss of CO 2 during artificial respiration. The average amount 
of air pumped into and out of the lungs per minute was 10-6 htres, that is, 
about 60 c.c. per stroke at 180 strokes per min. In some cases the air 
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pumped into the lungs was warmed from room temperature, 16° C., to 
about 30° C. ; the results for metabolism, however, were much the same at 
both temperatures, so that the degree of cooling of the blood of the lungs 
by the rapid pumping was not the main cause for the rise of metabolism. 

Figures for blood-pressure before artificial respiration, are given in 
Table II a, whilst those for during and after artificial respiration are 
given in Table II B. It \nU be seen (Table II n), that in those cases where 
the metabolism was liighest during artificial respiration, the blood-pres- 
sure recovered best after cessation of artificial respiration. On the other 
hand, when the metabolism was low, the blood-pressure did not recover 
well and the animal died. The blood-pressure tracings resembled very 
closely those published bj' Dale and Evan8(3). In their research the 
duration of pumping was about 30 mins. They pointed out that the 
blood-pressure recovered well. In the present research in Exp. 6 (Table 
II b) pumping was carried out for 76 mins, and the blood-pressure 
recovered very well, the amount of air pumped into and out of the lungs 
being 13-6 litres per min., with 180 strokes per min. and 75 c.c. per stroke. 

The animals used in all the experiments in Tables II a and b were 
healthy and on normal diet. An experiment was carried out on a oat 
(2-2 kg.) which had been starved for 48 hours.. Before artificial respira- 
tion the CO, and O 2 c.c. per hour were 864, the R.Q. being 1. After only 
24 mins, artificial respiration, pumping at the rate of 7-3 litres per min., 
the CO 2 and Oj had fallen to 570 c.c. per hour, indicating that starvation 
prevented the metabolism from rising. It seemed probable then that the 
metabolism was increased in the healthy animal at the expense of easily 
mobilised reserve, e.g. glycogen of the muscles and liver. 

Effect of artificial respiration on the glycogen content of the liver. Four 
experiments were carried out to determine whether artificial respiration 
would definitely reduce the glycogen content of the liver, using Pfiuger’s 
method of estimation (Table III). In all the experiments the animals 
were fed on carrots, two meals being taken per day. Care was taken that 
the control animals were treated in exactly the same way as the expen- 
mental animals, with the only difference that the experimental animals 
were subjected to artificial respiration whereas the controls were not. 

In Exps. 1 and 2 the glycogen content of the liver was estimated at 
the end of the experiment only. From such results alone one is not 
entitled to draw conclusions because, whatever precautions were taken, 
the glycogen content of the livers of the two animals might not have 
been similar at the start of the experiment. In order to attempt to exclude 
such an error in Exps. 3 and 4, a portion (about 6 g.) of the left lobe 
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of the liver was tied ofE by tape and removed in both the control and the 
experimental animal before performing the artificial respiration; whilst 
a portion of the right lobe of each animal was removed after cessation of 
the artificial respiration in- the experimental animal. The difference 
between the glycogen content at the beginning and at the end of the 
experiment in the control animal gave the effects of the ansesthetic and 
the operations; whilst in the experimental animal, the difference between 
the glycogen content at the beginning and at the end of the experiment 
gave the effects of the anaesthetic and operations flm the effect of artificial 
respiration. Thus in Exp. 3 the left lobe of liver of the control animal 
contained 16 mg. of glycogen per grm. of gland at the beginning and the 
right lobe of the liver 14 mg. at the end of the experiment. Whereas in 
the animal subjected to artificial respiration for 20 mins, the left 
and right lobes of the liver contained 15 mg. and 3 mg. respectively, 
showing that artificial respiration had greatly reduced the glycogen 
content of the liver. The same effect is shown in a much longer Exp. 4; 
the left lobe of the Kver of the control animal contained 26 mg. at the 
beginning of the experiment and the right lobe 17 mg. of glycogen per 
grm. of gland at the end, whereas the left lobe of the liver of the animal 
subjected to artificial respiration for 84 mins, contained 18 mg. before 
and the right lobe only a trace of glycogen after the 84 mins, of pumping. 
In these few experiments it seems evident that glycogen of the liver 
was used to counteract the effects of the pumping out of CO 0 , the glycogen 
probably being carried, as sugar, in the blood to the tissues to he meta- 
bolised to replace CO 2 pumped out. There still remains a possible source 
of error in the above method in that the left and right lobes of the liver 
might have possessed different glycogen contents at the start of the 
experiment. Because the effects of artificial respiration appeared to be 
so marked and because the figures for the left and right lobes of the con- 
trols showed not nearly so great a difference, this source of error can 
reasonably be excluded. 

The animals in Exps. 3 and 4 were killed when the experimental animal 
showed signs of dying as estimated by the corneal reflex, that is, artificial 
respiration was carried out until this reflex had become very weak. 

The effects of intravenous injections of alkali and, acid on metabolism of 
anaesthetised cats. Dale and Evans(3) showed that during the perform- 
ance of vigorous artiflcial respiration, the blood, both arterial and venous, 
became alkaline. It was thought that this alkalosis might be part y 
responsible for the increased output of COg and increased intake of 2 
in the present research. Several experiments were therefore carried out 
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in which 10 p.c. NaHCOj was injected into a vein of a cat under urethane 
and ether anajsthesia; a moderate comeal reflex was obtained, during 
the time the metabolic rate was estimated. The metabolism was estimated 
by the modification of the Douglas-Haldane method already mentioned. 

Table IV gives the results obtained ; the COn production and the 0^ 
consumption were constantly and definitely increased after the injection 
of NaHCOg! whereas the volume of air breathed varied considerably and 
apnoea was never observed. The average increase in 0^ intake was 16 p.c. ; 
the samples of air collected covered 10 to 20 mins. \Varburg(4) 
showed that addition of 10“^ normal sodium hydroxide to sea-water 
doubled the 0™ consumption of developing sea-urchin eggs. Macleod 
and Knapp(5) found that as a result of alkalinity produced by injection 
of sodium carbonate into the blood stream, the lactic acid production in 
the tissues was stimulated. It was noted in the present experiments that 
injection of NaHCOs produced vomiting* which soon passed ofi, and some- 
times passage of urine. Metabolic rate was not estimated until about 
20 mins, after the injection or 20 mins, after the cessation of vomiting. 

Table IV also shows the effect of intravenous injection of HCl upon 
O 2 consumption. There was a slight but constant decrease of Oj intake 
in this case, an effect opposite to that obtained with NaHCOs. Attention 
is directed to the figures for volume of air expired. There was no marked 
hyperpnoea in these observations, probably because, as others have 
already pointed out, the anresthesia had rendered the respiratory centre 
insensitive to changes in blood reaction. The samples of air collected 
were taken about 20 mins, after an injection and covered from 10 to 
20 mins. A moderate corneal reflex was elicited during the taking of the 
samples. Barr(6) has recently observed that following normal exercise 
in man the respiratory centre was not so sensitive to changes in reaction 
of the blood as has been supposed. My observations, at any rate, indicate 
that in the absence of such sensitivity of the respiratory centre the meta- 
bolism tended to be depressed by HCl. 

Table V gives the details of results of an experiment wherein both 
acid and alkali were injected into the same animal. It is seen that acid 
reduced the O 2 consumption markedly after it had been increased by 
alkali. Care was taken to clear the cannula and the vein of NaHCOj 
before injection of HCl, in order to prevent large formation of free COn. 
The average difference between 0» consumption after the NaHCOj and 
after HCl was 24 p.c. in my experiments; that is, it was raised 16 p.c. 

* King and Church (Am. J. Phyndt. 62. p. 4.S9, 1922) have found that intravenous 
iujection of KaHCOg calls forth a vigorous motor reaction of the small intestine of the dog. 
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affcerinjecfcionof the alkali and lowered 8p.c. after the injection o£ the acid. 
When the respiratory centre was apparently insensitive to alteration in 
H-ion concentration, the body metabolism attempted to correct the 
condition. Increased O 2 intake during increased alkalinity and decreased 
O 2 intake during increased acidity probably constitute a general phy.sio- 
logical principle. The reason why previous observers have not noticed 
these phenomena may be that the effects on metabolism were masked 
by other effects, e.ff. on the respiratory centre. 

The quantities of NaHCO^ and of HCl injected in my experiments 
were not too great for vital processes, since similar quantities were 
injected into the ear veins of normal unanaesthetised rabbits, with only 
temporary discomfort. Care was taken to inject the solutions very slowly. 
After injection of 10 c.c. 10 p.c. NaHCOg into an ear vein of a rabbit the 
alveolar CO 2 tension and the CO 2 tension in air under the sldn were 
markedly increased from 41 mm. to 54 mm., a result of some significance 
in the present discussion. The counterpart of this experiment, in which 
the alveolar CO 2 tension and the COj tension in air under the skin were 
decreased by HCl was described in the previous paper (l>. Previous 
observers obtained similar results in normal man. Davies, Haldane 
and Kennaway(T) showed that experimental alkalosis increased the 
alveolar COg tension in man and Haldane(8) demonstrated that experi- 
mental acidosis decreased the alveolar COg tension in man. 

Prom the experiments described herein it seems reasonable to con- 
clude that acid tends to decrease the Og consumption and the production 
of COg throughout the body whilst alkali tends to increase these, inde- 
pendently of the respiratory centre. 

SraiiARY. 

1. Artificial respiration decreases the COg tension throughout the 
body, the lowest figures obtained being 21 mm. under the skin, 12 in 
the abdominal cavity and 7*5 in the arterial blood. 

2. Ajrtificial respiration increases the Og consumption, the body cells 
attempting to replace the COg pumped out. 

3. Artificial respiration decreases the glycogen content of the liver. 

4. NaHCOg injected intravenously increases, whereas HCl decreases 
the Og consumption and COg production, independently of the respira- 
tory centre. 

I am indebted to Dr Leon ard Hill and to Dr H. H. Dale for grantiUo 
every facility in the above research. My thanks are also due to Mr T. 
Webster for assistance with the Van Slyke and glycogen estimations. 
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Tabix I (average figures) Cats and rabbits, urethane and ether, 
artificial respiration (A R ) 


A R 

No of Duration latrea 

obs Kilos mms per mm 
3 2 7 139 8 9 


COj ram in air under skin 
Before A R After A R 


41 30 


COt mm m air m abd cav 
Before A R After A.R 

C 20 92 111 45 20 


Table II a (average figures) Cots, orethaoe and ether, metabolism 
before artificial respiration 

CO, 0 c 0, c e Expired air 

per lalo per kilo , — — r-,, Blood 

and and Vol litres pressure 

obs Kilos per hr per hr per mm CO,% 0,% RQ mm Hg 
5 2 5 254 324 0 34 3 44 4 47 7G9 102 


fABLE II B Cats, urethane and ether, metabolism during artificial respiration (A R ) 


ICilos 

Length 

of 

period 
of AR 
mms 

CO, cc 
per hr 

0,c c 
X>er hr 

Air pumped out from lungs 

, '' ' ■ ■ N 

Volume 

litres CO, 0, 

per mm pc pc R Q 

Blood 
pressure 
carotid art 

Durmg After 
A-R AR 

Result 
of AR 

25 

60 

1200 

1200 

48 

42 

42 

1000 







»♦ 

98 

1560 

1200 

93 

28 

20 

1400 

— 

— 

died 

3 9 

17 

3240 

4260 

13 3 

41 

50 

802 

47 

80 

recovered 

3”o 

41 

3900 

6000 

15 5 

41 

63 

651 

42 

80 

,, 

76 

1710 

2448 

13 6 

21 

30 

700 

60 

92 


2 4 

65 

918 

1414 

11 7 

13 

20 

650 

28 

47 

died 

1 9 

5 

1608 

2160 

84 

32 

43 

744 

43 

73 

recovered 

»> 

15 

1260 

1656 

73 

29 

38 

763 

33 

93 

died 

30 

30 

1440 

1440 

79 

33 

33 

1000 

43 

43 

104 

897 

1269 

11 5 

13 

19 

684 

35 

35 

,1 

2 4 

27 

1938 

2412 

13 4 

24 

30 

800 

35 

35 

1 

27 


1788 

2314 

10 0 

29 

35 

829 

— 


— 


ige CO, c c per kilo and per hr =663 Average 0, c c per kilo and per hr =857 

These animals were killed by taking samples of blood from arteries and heart durmg A.R 
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urethane (one gram per kilo, of body weight injected subcutaneously). 
The respiratory movements were recorded by a method previously 
described by Mel Ian by (8) which ensures that the inspired and e-vpired 
gases do not mix, and that therefore the respiratory movements are not 
affected by an accumulation of carbon dioxide or a deficiency of oxygen 
in the inspired air. The adrenalin was injected into the central end of a 
jugular vein, the usual dose being 1 c.c. of a -01 p.c. solution in Ringer's 
fluid. 

Afferent impulses from the viscera. Kahn suggested that the tiro 
important areas from which visceral impulses might arise and cause 
adrenalin apnoea were the abdomen and the thorax. 

{a) Roberts showed that stimulation of the central end of a cut 
splanchnic nerve never caused apnoea, and that the injection of adrenalin 
into the aorta below a ligature placed above the coeliac axis produced 
practically no effect on respiration. In confirmation of these results we 
find that injection of adrenalin into a jugular vein produces apncea after 
section of both splanchnic nerves. 

(6) Both vagus nerves were cut in the neck. Respiration assumed the 
usual slow and deep type. The 
intravenous injection of adrenalin 
produced characteristic apnoea. 

This result showed that afferent 
impulses from the thorax are prob- 
ably not responsible for adrenalin 
apncea. Against this conclusion is 
the well-known fact that stimula- 
tion of a certain strength of the 



central end of the vagus invariably 
causes cessation of respiration. We 
discuss this point in a subsequent 
section of this paper. 

(c) The confirmatory proof that 
afferent impulses from the viscera 
or the general tissues of the body 
do not cause adrenalin apnoea was 
obtained from experiments in which 
the spinal cord was cut at different 
levels. Thus, in one experiment the 
spinal cord of a rabbit was severed 
at t^e level of the 2nd dorsal nerve. 






/ 


1. Kabbit. Urethane, Cord cut at -nd 
,r.al nerve. Effect of 
1 p.c.) on respiration, and on the a 


The blood fell to 37 mm. of Hg but 
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the respiratory movements were practically unaffected. On intravenous 
injection of adrenalin the arterial pressure rose to 97 mm. of Hg and 
typical apnoea was produced (Pig. 1), The result showed that afferent 
impulses from parts of the body innervated below the 2nd dorsal neive 
are not concerned in the production of adrenalin apnma. The blood- 
pressure effects confirmed an observation of Boruttau that adrenalin 
apncea is produced as readily in an animal with a low as rvith a high 
blood-pressure. 

Changes in the cranium. We investigated the possibility that adrenalin 
apncea is due to; (o) increased intracranial pressure; (6) impulses coming 
down to the respiratory centre from the fore-brain. Por (a) the temporal 
bone of a cat was trephined, and the contents of the cranium exposed to 
the atmospheric pressure. The subsequent injection of adrenalin produced 
typical apncea. Por (6) a cat was decerebrated by Sherrington’s decere- 
brator. Typical apnoea was produced by adrenalin (Pig. 2). Prom these 



Fig. 2. Cat. Urethane. Decerebrated. ESect o! adrenalin (1 c c , -Ol p.c ) on respiration 
and blood pressure. 

results it is evident that adrenalin apncea is not produced secondarily to 
pressure changes in the cranium or impulses from the fore-brain. 

The influence of ergotoxin. Prom the results described it was necessary 



400 


J. MELLANBY AND A. St G. HUGGETT. 


lung ventilation can be obtained under normal conditions after section 
of both vagi. Under these circumstances, therefore, on Hering and 
Brener’s hjrpothesis the centripetal paths for inspiratory and expiratory 
impulses to the respiratory centre must arise in the inspiratory and ex- 
piratory muscles and travel in their afferent nerves to the spinal cord. 
Corresponding with this conception of the automatic regulation of 
respiration, a number of observers have assigned a purely inhibitory 
function to the afferent fibres of the vagus from the lungs. Thus, Gad (14) 
foimd that chemical stimulation of the vagus produced inhibitory effects 
only, whilst Patrizi and Franchini(i 5 ) observed that central stimula- 
tion of the vagus produced inhibition of respiration. Scott (16) re- 
investigated the functions of the afferent pulmonary fibres of the vagus 
in the light of Haldane and Priestley’s ( 17 ) work on the chemical 
control of respiratory movements. He concluded that the vagus functions 
as the afferent nerve in the respiratory reflex, in a manner similar to 
other afferent nerves in reflex actions. His figures indicate that central 
vagus stimulation produced inhibition of inspiratory movements only. 
In the experiments recorded in this paper the invariable effect of moderate 
electrical stimulation of the central end of the vagus in rabbits and cats 
under urethane anmsthesia was arrest of respiratory movements in the 
expiratory phase. There was no evidence during the cessation of respira- 
tion of either inspiratory or expiratory tetanus — ^in fact, the arrest of 
respiration was a true apnoea in that during its occurrence the respiratory 
centre ceased to function. This vagal apnoea was similar to adrenalin 
apnoea in many respects and led us to test the assumption that aberrant 
sympathetic fibres travelled to the blood vessels of the bulb by the vagus 
nerves. 

In his investigation Scott brought out the striking fact that stimula- 
tion of the vagus nerves causes apnoea even at the height of dyspnoea. 
We find that precisely similar facts hold for adrenalin. The intravenous 
injection of adrenalin during the dyspnoea produced by oxygen want 
(caused by the injection of sufficient sodium hydrosulphite, Ha2S2042H20, 
into the blood to reduce the oxyhaemoglobin) immediately annuls tie 
ex:aggerated respiratory movements and causes complete apnoea. Similar 
facts hold for the dyspnoea produced by breathing air containing an 
excessive quantity of CO2. Kg. 4 shows how carbon dioxide dyspncea 
is immediately abolished by the injection of adrenalin. The tracing shows 
that when the adrenalin apncna passes off, the exaggerated respiratory 
movements do not return. The adrenalin effect lasts so long t a 
additional mechanisms in the body come into action to neutralise t e 



Fig. 4. Cat, 'Urethane. Ertect o! adrenalin (1 c c , -1 p.c,) on carbon dioxide dyepncca. 
Interval of 2 mine between A and if. 


out vagus during the dyspnoea produced by oxygen want or by excess 
of carbon dioxide, causes apnena similar in every respect to that produced 
by the intravenous injection of adrenalin e.\-cept that the apnoea lasts 
for the duration of the stimulus only. This parallelism between adrenalin 
apnoea and vagus apnoea was also found in the decerebrate animal and 
in an animal with its cord cut in the upper dorsal region. 

The above observations indicated that the vagus nerve carried aberrant 
constrictor fibres to the blood vessels of the bulb and that the cause of 
the vagal apnoea was essentially the same as that of adrenalin apnoea. 



Fig, a Cat. Urethane Effects of adrenalin (1 c c , 01 p c ) (upper tracing) and central 
vagus stimulation (lower tracing) on respiration after ergotovin. 

PH. Lvn. 


26 
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i.e. constriction, of tibe blood vessels of tbe respiratory centre. Tbe crucial 
experiment, however, did not support this idea; Kg. 6 shows that the 
intravenous injection of ergotoxin which abolishes adrenalin apncea did 
not have any effect on vagal apncea. Therefore the course of the con- 
strictor fibres to the blood vessels of the respiratory centre is not via the 
vagus nerves. 

The failure to find a definite nerve carrying sympathetic fibres to the 
vessels of the bulb suggests that the adrenalin acts on the cells of the 
. respiratory centre as suggested by Boruttau. Such an action, how- 
ever, would appear to demand that ergotoxin, which annuls adrenalin 
apncea, should affect the sensitivity of the respiratory centre to other 
agents. In point of fact accurate experiments have shown th^t the 
response of the respiratory centre to afferent nerve stimulation or to 
changes in the quality of the blood (increased carbon dioxide or dimin- 
ished oxygen) is unaffected by the intravenous injection of quantities 
of ergotoxin which completely abolish adrenalin apncea. Probably, 
therefore, adrenalin produces apncea by constricting the blood vessels 
of the respiratory centre independently of any sympathetic nerve supply 
to these vessels. On this assumption adrenalia apncea would form another 
exception against the hypothesis that adrenalin stimulates sympathetic 
nerve endings only. This action would correspond with such exceptional 
effects as the fall of blood-pressure produced by minute doses of adrenalin, 
or the contraction of the muscle of the intestine produced by large doses 
of adrenalin. Further, this view of the anomalous action of adrenalin 
would accord with the fact that adrenalin apncea forms an outstanding 
exception against the generalisation that adrenalin calls up the defensive 
mechanisms of the body. The action of adrenalin on the cerebral blood 
vessels as a whole is hardly relevant to this question which deals with 
localised areas and localised vaso-motor action. But it may be observed 
that Biedl and Reiner(i8), Wiggers(i9) and Wieschowski{20) found 
evidence of vaso-constriction on perfusing dilute adrenalin solutions 
through the blood vessels of the isolated brain. 

Discussion of Restots. 

The results indicate that the blood vessels to the respiratory centre 
are contracted by adrenalin. Since the contraction results in a diminufiou 
of respiratory movements, it is evident that limg ventilation is modified 
by the quantity of blood supplied to the respiratory centre. On tms 
hypothesis the activity of the respiratory centre is determined not only 
by the quality of the blood supplied to it but also by the quantity o 
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blood supplied in unit time. Tliis dependence of lung ventilation on both 
the quality and the quantity of the blood supplied to the respiratory 
centre may explain certain results which appear to contradict the 
hydrogen ion hypothesis of ventilation of the lung. Thus, in a series of 
e.xperiments by Mellanby (2i) it was observed that the respiratory move- 
ments of an animal breathing nitrogen or after the intravenous injeetion 
of lactic acid bore no relation to the reaction of the blood. Also, observa- 
tions by Fraser, Boss and Dreycr(23) on the reaction of the blood in 
relation to dyspnoea in human beings, showed that dyspnoea may be 
associated not only with blood approximating to neutrality but also with 
markedly alkaline blood, and that blood much more acidic than normal 
may be present without dyspnoea. Probably in all these cases the quantity 
of blood supplied to the bulb in conjunction with the concentration of 
hydrogen ions in the blood determined the degree of lung ventilation. 

The facts of adrenalin apnoea offer a proof- that deficiency of oxygen 
does not lead to the formation of lactic acid in the cells of the respiratory 
centre and consequent dyspnoea. A diminution of the blood supply to 
the respiratory centre by adrenalin diminishes from the outset the 
amplitude of the respiratory movements. A momentary cessation of 
respiration might be due to the removal of an effective stimulus from the 
blood, i.e. the doncentration of hydrogen ions in it. But on the lactic 
acid hypothesis the concomitant absence of oxygen should immediately 
lead to the jatTeeslluhr prodactios of Jactie acid and theiebj-’ aagnest 
respiratory movements to a degree depending on the amount and 
duration of bulbar vaso-constriotion. In this connection we have also 
found that adrenalin apnma is not diminished in an animal whose blood 
and tissues have been saturated wdth oxygen by breathing pure oxygen 
for five minutes. It appears probable, therefore, that the hyperpnosa 
produced by oxygen want is not due to the formation of lactic acid in 
the cells of the respiratory centre. 

Finally, it may be observed that the facts of adrenalin apnoea in- 
dicate that the respiratory centre deprived of blood although in connection 
with all afferent nerves possessing no automatic rhythmicity, in contrast 
to the observation of RosenthalpS) that the respiratory centre freed 
from the influence of all afferent nerves but supplied with blood still 
discharges rhythmic impulses. 

The marked similarity between vagal apnoea and adrenalin apnma 
allows a comparison to be made between inhibitory phenomena obtained 
in two different ways, i.e. by vascular changes and by afferent nervous 
impulses. We may assume that stimulation of the respiratory centre is 

26— -2 
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caused by tbe hydrogen ions in the blood. Under the influence of adrenalin 
the respiratory centre is deprived of blood and hence this stimulus ceases 
to act; in the case of vagal apnoea probably the afferent nervous impulse 
so affects the membranes of the cells that they become impermeable to 
the hydrogen ions of the blood. 

SUMMAKY. 

(1) The only method by which adrenalin apnoea can be prevented is 
by the intravenous injection of ergotoxin. 

(2) Adrenalin apnoea is caused by the constriction of the blood vessels 
supplying the respiratory centre. No sympathetic nerve supplying the 
blood vessels has been found. Probably adrenalin constricts the blood 
vessels of the respiratory centre independently of any sympathetic 
innervation. 

(3) Vagal apnoea is comparable to adrenalin apnoea, except that it 
is not annulled by ergotoxin. 

(4) It is suggested that in vagal apnoea afferent impulses so affect 
the cells of the respiratory centre that their membranes are no longer 
permeable to the hydrogen ions in the blood which normally hutiate 
respiratory impulses. 

We wish to place on record our thanks to Prof. J. N. Langley for 
his criticisms and suggestions. 

The expenses of this research were defrayed by a grant from the Boyal Society. 
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THE ACTION OF VASO-CONSTRICTOR SUBSTANCES 
ON THE ARTERIES OF THE BRAIN. 

By Ff. ROBERTS, M.D., Fellow of Glare College. 

(From the Physiological Laboratory, Cambridge.) 

In a previous communication (i) I have given reasons for believing that 
the apnoea which follows the intravenous injection of adrenalin in rabbits 
and cats is to be attributed to vaso-constriction in the respiratory centre. 
I have since foimd that Loewi and MeyerP) had expressed the same 
view for more or less the same reasons. This view has received additional 
support from Mellanby and Huggett(3), who confirmed my results and 
showed further that the arrest of respiration did not occur if ergotoxin 
had previously been given, this fact indicating that the paralytic action 
of adrenalin was due to vaso-constriction and not to direct inhibition of 
the centre. The further demonstration by myself (4) that Cheyne-Stokes 
respiration when produced by adrenalin is associated with periodic 
opening and closing of the cerebral vessels seems to me to put this ex- 
planation beyond any doubt. But to many minds such a view is very 
difficult to accept and this for two reasons. First, the post-mortem per- 
ftision of the brain with adrenalin has yielded widely different results in 
different hands; secondly, if a vaso-constrictor action of adrenalin on 
the brain were admitted it would be strong though not conclusive evidence 
that the cerebral vessels are under sympathetic control and this is now 
denied by the majority of physiologists. If, therefore, it can be shown 
that vaso-constrictor substances for which there is no a priori reason for 
excluding an action on the cerebral vessels produce the same changes in 
respiration as have been shown to follow adrenalin we shall be confirmed 
in onr view that adrenalin has a cerebral vaso-constrictor effect since 
the only alternative is the very improbable coincidence that all vaso- 
constrictor substances directly inhibit the respiratory centre. In these 
pages I present the results of experiments performed with this object, 
the substances whose action has been investigated being pituitary extract, 
ergotoxin and barium chloride. 

Pituitary extract. A number of investigations have been made upon 
the respiratory effect of pituitary extract with very different results. 
Mummery and Symes(5) noted a diminution in the amplitude. 
Houghton and Merrill(6) observed in the dog an increase in frequency 
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but owing to the limitation of their method they were unable to record 
any change in depth. A very full account of the effect both upon circula- 
tion and respiration in the rabbit is given by Paukow(7). Paukow 
using the Parke-Davis preparation showed the striking fact that with 
vagi intact there were always two periods of apnoea separated by a 
period of respiration, the first or “primary” apnoea which occurred 
immediately after the injection while the “secondary” apnoea which 
occurred during the recovery of blood-pressure from the profound fall 
v/hich usually occurs in this animal. After atropine or after section of 
the vagi the primary apnoea, he said, did not occur. Paukow attributed 
the primary apnma to a reflex inhibition of the centre set up by stimula- 
tiofi of afferent nerve-endings. The secondary apnoea he was imable to 
explain but suggested that it might be due to contraction of the bron- 
chioles. Paukow further noticed that after the secondary apncea the 
respiratory tracing often became spindle-shaped but he seems not to 
have realised that he was dealing with Cheyne-Stokes respiration. He 
thought that this effect might be partly the result of the anaesthetic. 
Fiihner(8) approaching the subject from a pharmacological standpoint 
came to the same general conclusions but considered that the secondary 
apnoea only was characteristic of the specific principle of pituitrin, the 
primary apnoea being due to choline. In 1913 Frbhlich and Pick(9) 
studied the effect of various pituitary preparations upon tracheotomised ^ 
but non-ansesthetised rabbits. They measured the volume of expired air 
and found considerable diminution accompanied by powerful expiratory 
efforts. This corresponded in point of time to P auk ow^s primary apncea. 

It was abolished by atropine but, contrary toPaukow’s result, not by 
section of both vagi. They believed that the effect was due to bronchial 
constriction. Paukow’ s secondary apnoea they attributed, following 
Loewi and Meyer’s explanation of adrenalin apnoea mentioned above, 
to anaemia of the medulla by vaso-constriction. They supported this view 
by showing that this apnoea did not occur when pituitrin was given mixed 
with amyl nitrite so as to counterbalance the pressor effect. P aukow s 
secondary apnoea they termed “indirect” apncea. Nice, Rock and 
Courtright(iO) using cats and dogs found in general an increase in depth 
followed by shallowness. It appears, however, that the dose which they 
gave (usually the extract diluted 10 or 25 times) was too small to produce 
the characteristic effect upon blood-pressure. Weed and CushingPO 
oil injecting the “hypophysin” preparation of Lucius, Meister an 
Brunig found an increase in the depth of respiration. Dixon an 
Halliburton (12) also found increase of respiration but they- attribute 
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it to dyspnoea caused by contraction of the bronchioles. As the bronchial 
contraction took 30 seconds to be complete the effect on respiration did 
not occur at once. The only experiments upon the excised cerebral arteries 
are those of Cow(i3) who found no appreciable effect. 

The following experiments were made upon .rabbits and cats anassthe- 
tised with urethane supplemented with a little C.E, mixture. The 
preparation used was the "pituitrin” of Messrs Parkc-Davis and Co. 
It was given intravenously. Respiration was recorded as in previous 
experiments by connecting one limb of the Y-shaped trachea tube to 
a rubber tambour. In their work upon the bronchi Dixon and Halli- 
burton have pointed out that this is not a good method of recording 
bronchial obstruction whether due to bronchial contraction or to vascular 
congestion such as they find is produced by adrenalin and other sub- 
stances which increase systemic pressure. But since bronchial obstruction 
does not prevent respiration from affeeting intra-tracheal pressure this 
method can be safely used to show whether there is apncea or not. No 
doubt at the moment of obstruction the record does not accurately 
represent the change in strength of respiratory movements. I have, 
however, in all experiments watched the movements and found them to 
correspond with the tracings. Moreover, in one experiment (Fig. 1) I 
have taken a simultaneous tracing of the abdominal movements. The 
tracings are essentially the same. 



Kg. 1. Rabbit. Vagi intact, i c.c. pituitaiy intravenously. ITypical eSect. 
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We shall first deal with the rabbit. A typical effect of the injection 
of 1 c.c. is shown in Fig. 1. There is first an immediate diminution in the 
depth of respiration usually amounting to complete apnoea during which 
the chest is completely at rest. This lasts about 10 seconds and is usually 
accompanied by a transient rise of blood-pressure of variable degree. 
Karely no rise occurs. Following this, the pressure undergoes a profound 
fall. During the fall respiration recommences progressively increasing 
in depth. Blood-pressure then slowly recovers, the tracing showing a 
much slower heart-beat. At the beginning of the rise respiration under- 
goes a progressive diminution in depth until a second apnoea sets in. This 
is more prolonged than the first apnoea and lasts sometimes until the 
blood-pressure reaches its summit which is often not much higher than 
its original level. Respiration is then gradually resumed.. Besides these 
changes in depth there are usually changes in frequency. The respiration 
which follows the first apnoea is commonly at a much faster rate than 
the original but this alteration usually only occurs if the first apnoea is 
complete. It would appear that a new rhythm cannot be adopted unless 
the old rhythm is first completely suppressed. The respiratory rate 
following the second apnoea may be at the immediately previous rate or 
at the original rate or again at a totally new rate. Following the second 
apnoea Cheyne-Stokes respiration may occur, the extent to which it 
occurs depending as in the case of adrenafin upon individual susceptibility. 

With vagi cut the appearances are in general the same. The first 
apnoea, however, tends to be less marked, a fact which may be associated 
with the slower rate of respiration. Further, the rate of respiration is 
usually unaltered throughout. An example is seen in Fig. 2 which shows 
in addition an unusual degree of periodic respiration. 





/£? ^econis 

Fig. Riibbit. Vagi cut. 1 c.c. pituitaiy. Well-marked Cheyne-Stokes respiration. Apart 
' from the apncnic periods there is no alteration in rate of breathing. 



CONTRACTION OF BRAIN ARTERIES. 


409 


j It will be seen that the results are more difBoult to interpret than those 
f obtained with adrenalin. Owing to the complex manner in which the 

cardio-vascular system is involved it seems at first sight difficult to 
correlate changes in respiration with those in the arterioles. It may be 
stated here that the first and second apnoea occur irrespective of gross 
changes in general blood-pressure. Fig. 3 shows that they occur when the 



Fig. 3. Rabbit 1 c.c. pituitary. Blood.presaure partially compensated. 


general blood-pressure is largely counterbalanced by the use of the com- 
pensator previously described. At the same time it is important to know 
whether the great fall in pressure is cardiac or peripheral in origin. 
Paukow believed that it was cardiac. I have confirmed this by direct 
inspection of the heart. A large hole was made in the left side of the chest 
and the pericardium opened so that a good view of the heart could be 
obtained, the animal meanwhile breathing naturally with the right lung. 
It was easy to see that the fall in blood-pressure was accompanied by 
considerable embarrassment of the heart with enormous dilatation of 
the auricles. The blood-pressure therefore during this period gives no 
indication of the state of the arterioles. 

As regards the Cheyne-Stokes respiration it is clear from Fig. 2 that 
there is an intimate relation between respiration and blood-pressure for 
the tracing shows quite clearly a fall in pressure preceding and during 
the development stage of each respiratory period and a rise in pressure 
during the stage of subsidence. The similarity in this respect between 
adrenalin and pituitrin is most striking. Unfortunately no record of 
cerebral pressure was taken in this experiment but the result, assuming 
that there is no variation in the action of the heart of which there is no 
evidence, shows that when the centre is reacting in this periodic manner 
it becomes active after and during vaso-dilatation and quiescent during 
vaso-constriction. 

We have now to consider the first and second apnceic periods. It 
will be convenient to take the latter first. The second apncea commences 
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atropine, a dose sufficient to paralyse the vagal fibres to the heart, ttia 
apncea still occurs. It seemed possible that the positive efiect\rliic!il 
obtained might be due not to pituitrin but to the too rapid injechoBc! 
fluid. This was easily put to the test by injecting rapidly into thejugslar 
vein 1 c.c. of warm Einger solution. Respiration was unchanged. Tlie 
explanation of the negative results of Frohlich and Pick is, I think, to 
be found in the very slow rate of injection — on one occasion 1 c.c,iB 
60 seconds. 

The primary apnoea has nothing to do with the bronchial constriction 
foimd by Frohlich and Pick in their unanaesthetised animals. In the 
first place it has been shown by Dixon (unpublished observations) that 
the constrictor effect of pituitrin on the bronchioles is completely abolished 
after urethane. In the second place the apncea produced under the cir- 
cumstances of my experiments was always a true apnoea, in which all the 
respiratory muscles were either completely at rest or very much sop- 
pressed. There was no trace of the dyspnoea which invariably indicate 
bronchial obstruction. 

That the first apnoea is central in origin is shown by the fact that wtei 
pituitrin is injected directly into the cerebral vessels as in Fig. 4 tb 
apnoea ensues immediately, that is, before the drug has time to get mte 
the general circulation. That it is caused by cerebral vaso-constrictionu 
suggested by the fact that it usually occurs contemporaneously with aa 

initial rise of blood-pressure as in Fig. 1. 

The action of pituitrin on the cat calls for little comment. Theeiniple 
rise in blood-pressure is accompanied by diminution in the deptiic 
respiration. This is undoubtedly the typical effect. In the experiment 
already quoted of Nice, Rock and Courtright upon the cat and % 
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Fig. 5. Cat. Ergotoxin phosphate, 3 rngms. Blood-pressuro compel- 
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1 and in those of Weed and Cushing upon the dog the doses given were 
I such that the typical rise of blood-pressure did not occur. This explains 
I why these observers failed to obtain diminished respiration, 
j Ergotoxin. Kg. 5 shows the marked suppression of respiration which 
I occurs in the cat when ergotoxin phosphate, 3 mgms., is given intra- 
! venously. (I am indebted to Br Dixon for the ergotoxin used.) The 
' respiratory effect was not due to the rise in pressure since this was com- 
pletely neutralised by the use of the compensator. 

Barium. Fig. 6 shows the complete respiratory pause following the 



Jo seconds 


Fig. 6. Babbit Bariqm chloride^ *01 gm. 

injection of barium chloride, *01 gm. made up in Binger solution. Barium 
is peculiar in that the respiratory effect is only of short duration whereas 
^ the raised blood-pressure continues for a very long time as is well known. 
This point requires further investigation. Two tentative explanations 
fsuggest themselves. The first is that the cerebral vaso-constriction passes 
off Sooner than the vaso-constriction in the rest of the body. The second 
{is that the vaso-constriction is only of moderate degree so that the medulla 
Resumes its function when the hydrogen ion concentration of the blood 
/ has, owing to the apnosa, increased so as to counterbalance the diminished 
amount of blood supplying the centre. 

SUJVIMABY. 

1. Thethreevaso-constrictor substances tested, namely pituitrin, ergo- 
toxin and barium chloride, all cause a diminution or complete stoppage 




416 


F. W. ROGERS BRAMBELL. 


In the larger neurones a zone of the cytoplasm immediately sur- 
rounding the centrally placed nucleus, and in which the Golgi rods lie, 
appears darker than the remainder. This heavily impregnated cytoplasm 



Figs. 1-4. Neurones of Hdix aspersa 


j4=Axon. .4(7= Argentophil cloud. J3(3=Basophil granules (tigroid body?). 2)=Dendron. 
G'4=Golgi apparatus in extra-centric position. OJ?=Go]gi rods scattered. G(iJi=SmalI 
Golgi rods in region of axon-hillock. N'=Nucleus. 0(7= Oxyphil cloud. P=Pla8mo3ome. 
Fig. 1. Small neurone with the Golgi apparatus, surrounded by an argentophil zone, m 
the perinuclear extra-centric position. Da Fano preparation. 

Fig. 2. Medium sized neurone with Golgi rods scattered at one end of the nucleus. Ends 
surrounded by argentophil cloud which is darker in immediate neighbourhood of each 
Da Fano preparation. 


Fig. 3. Medium sized neurone, out in plane of axon, showing oxyphil cloud in similar 
position to argentophil cloud in 2. Basophil granules present in peripheral regions. 
Hmmatoxylin-eosin preparation. 

Fig. 4. Large neurone with Golgi ro'ds in the argentophil cloud around the nucleus and 
extending into dendron. These are absent from the axon and not well marked at ils 
base. Da Fano preparation. 
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does not appear granular but is as homogeneous as in other parts of the 
cell. The Golgi rods at the base of the axon-hillock appear to be fewer 
and smaller than on other sides of the nucleus and here also the dark 
zones are less well marked and narrower than in other places. No similar 
alteration of either the Golgi rods or zones occurs in relation to the bases 
of the dcndrons. In some cases the zones are darker near the nuclear 
membrane than on the outside, but in all they correspond with the 
distribution of the Golgi apparatus (Kgs. 7 and 8). 

In the medium sized neurones the nucleus is often excentrically 
placed, the Golgi rods being scattered around one end, probably that 
farthest from the axon (Kg." 6). Where this arrangement occurs the 
perinuclear zone of the larger neurones is replaced by an excentric cloud, 
in which the Golgi rods lie, capping one end of the nucleus. In many 
cases this cloud is easily observed to be much darker around each 
individual rod. 

In small neurones in which the Golgi apparatus is in the extra-centric 
perinuclear position, or is breaking up to assume the diffuse arrangement, 
each individual rod or group of rods is surrounded by a separate dark 
zone of its own (Fig. 5). I have therefore no hesitation in submitting that 
a causal relation exists between the Golgi rods (and their archoplasm) 
and these zones. 

Changes of chromophility in the neurones of Helix. In the light of 
the above results, and of some recent work by Gatenby(6) and by 
Hirschler(io) it seemed interesting to study the chromophility of the 
cytoplasm of these cells. For this purpose Scott’s technique, in a slightly 
modified form, was employed. Sections, of material fixed in Petmnke- 
witsch’s fluid, after being brought to water, were treated on the slide 
with iodine alcohol for three minutes. The iodine was removed by 
washing with 90 p.c. alcohol followed by -26 p.o. solution of NajSjOs in 
60 p.c. alcohol. The NajSsOg was removed by washing in aq. dist. and 
then treated with 90 p.o. alcohol. After wiping the slides dry around 
the sections Ehrlich’s hsematoxylin was applied for ten minutes. The 
stain was removed by 90 p.c. alcohol followed by aq. dist. Lithium 
carbonate water was used to turn the hcematoxylin blue and was subse- 
quently removed by washing in aq. dist. Weak watery cosin was then 
applied and allowed to remain on the sections for a few minutes, after 
which they were quickly dehydrated in alcohols, cleared in xylol, and 
mounted in balsam. 

Sections prepared by t his method were well stained. In them, as 
well as could be seen, the cytoplasm of the small neurones was basophil, 
rn. Lvii. 27 
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In larger neurones an amphopMl cloud was present surrounding the 
nucleus on all sides excent that nearest the axon-hillock and was tluckest 



Kgs. S to 8 are microphotographs of i)a Fa.no preparations of the cephalic ganglia of 
Hdix aspersa. They were taken on Wxatten panchromatic h'lmn without the nsa of light 
screens and are in no way tonched np, ‘ . 

Fig. 6. Small neurones with Golgi apparatus in perinuclear extra-centric position or 
commencing to disperse. The argentophil zone can be seen surrounding tho apparatns. 

X 1000. 

Fig. 6. Two medinm sized nenrones. Golgi rods scattered in the cytoplasm at one end 
of the nuolens and surrounded , by the argentophil cloud which is darker in the 
immediate vicinity of each rod. x 1200. 

Kg. 7. Large neurone, cut through the base of the axon-hhlock, in centre. The Golgi rods 
surround the nucleus but are few and small at the end next the base of the aion- 
hillock (left in this figure). The argentophil cloud corresponds in totribntion with the 
Golgi rods but is darkest near the nuclenSi Neither extend into the axon, x 200. 
Kg. 8, Sector of same cell as shown in Kg. 7 at higher magnification. A darkening of the 
argentophil zone can, be seen arouiid each rod- It will be noticed that the darkening 
of the zone near the nuclear membrane corresponds with an increase in the nnm r 
of rods in this regioii. • x 1000. 

at the end farthest from it. In many cells this cloud had a distinct 
oxyphil preponderance. In cells of this size, small floccolent basop i 
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granulations were observable in the cytoplasm, especially near the peri- 
phery. In the large cells these granulations were more distinct and the 
cytoplasm, as a whole, was basophil, or amphophil with a strong basophil 
preponderance. 

In all the cells the cytoplasm of the axon was oxyphil, but did not 
appear as dense as that of the cell body. I am inclined to think that this 
is due to the absence of the basophil substance from the axon, and that the 
oxyphility is present in other parts of the cytoplasm but masked by 
this substance. 

I believe that these basophil granules represent the tigroid body and 
therefore their absence from the axon would be expected. In sectiods 
prepared by the same method, but with the omission of the eosin staining, 
no perinuclear cloud was observed in any of the cells. These results 
show that in cells of a certain size a densely staining cloud appears 
surrounding the nucleus. This cloud seems to be formed by the increase 
of some oxyphil substance or substances in the cytoplasm. Ikom the 
facta that these clouds correspond with the distribution of. the Golgi 
rods, as seen in silver and osmio preparations, and that they appear in 
cells of the same size as those in which Da Fano’s method reveak the 
darkest zones around the apparatus, I conclude that they are ako the 
result of its activity. 

The oocytes of Saccocirrus. Gatenby(S) describes and figures peri- 
nuclear clouds in the oocytes of Saccocimts prepared by Da Fano’s 
method. He kindly allowed me to examine his preparations, which lead 
me to believe, as he suggested, that these clouds are identical with those 
shown in the neurones of Helix by the same method. I do not deny that 
the nucleus has some effect upon the production of these zones, but 
consider them to be directly produced by the Golgi apparatus; by the 
argeutophil substance or the archoplasm, or by both combined. 
Gatenby ako finds changes in chromophility during oogenesis. Ho 
says : “ The oogonial cytoplasm is oxyphil. During oogenesis at the period 
of the appearance of the perinuclear bodies (nucleoli) the cytoplasm 
becomes basophil, especially near the nucleus. Thk basophility persists 
in a perinuclear position for a considerable time and spreads out, but 
gradually the entire cytoplasm again becomes completely oxyphil.” He 
believes that the material which stairrs basophil is possibly the same as 
that which forms the perinuclear cloud in the cobalt-fofmol-silver-nitrate 
preparations. It k worthy of 'note, however, that at this period the. 
nucleolar deutoplasm k ako being formed and that it k dktinctly 
basophil. 


27—2 
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Discussion. In every cell at some period of its life the Golgi apparatus 
is in tlie perinuclear extra-centric condition. It then consists of a 
number of curved rods Ijdng on the surface of the more or less globular 
mass of archoplasm or centrosphere. In the larger and more speciahzed 
forms of cells such as the neurone or the oocyte, the apparatus does not 
remain throughout life in this position. It becomes scattered, first 
brealdng into pieces which, dividing further, pass around the nucleus, 
until finally it consists of single rods, probably curved and with portions 
of the archoplasm or controsphere in their concave sides, scattered around 
the nucleus and throughout most of the cytoplasm. Each individual rod 
with its archoplasm, seems to have the power of independent binary 
fission. This power accounts for the exceedingly large number present 
in some oocytes and in large cells of many categories. In some highly 
specialized cells, such as the vertebrate neurone, the apparatus undergoes 
a still further elaboration, resulting in the formation of a robust reticulum 
surrounding the nucleus. It was in this stage that Golgi described it, as 
the “apparato reticulare interne,” for the first time. As the apparatus 
generally occupies the extra-centric position in the youngest and least 
differentiated cells and in early stages of embryogeny I beheve that it 
is permissible to assume that this is the most primitive condition. It is, 
however, very remarkable that even in the phylum Protozoa it has been 
shown (11) to become scattered at certain stages. It is also of much 
interest that it has been shown to remain a constant cell factor throughout 
gametogenesis and embryogeny. These facts, coupled with its behaviour 
during mitosis, afford a strong proof that it is a definite cell organ, a 
portion of the living protoplasm, and not merely the product of cyto- 
plasmic or other activity. If it was a metaboHc product it would he 
reasonable to expect it to reflect the changes in the activity of the cell, 
but no correspondence of this nature is observable. 

The observations recorded above indicate that the Golgi apparatus 
gives rise to argentophil and oxyphil clouds in the cytoplasm. It is also 
worthy of note that the basophil granulations which I believe represent 
the tigroid bodies, are most marked in those cells in which the apparatus 
is very active. Perhaps they are produced by the activity of the appa- 
ratus. This theory is supported by the facts that in the vertebrate 
neurone the Nissl substance has the same distribution as the Golp 
apparatus; neither are found in the axon and axon-hillock or in pen- 
pheral regions of the cytoplasm, and both extend into the dendrons. 
There are some previous observations which point in the same direction. 
Those of Gatenby have already been mentioned. Hirschler(iO) has 
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described changes in the staining reactions of Asoidian oocytes corre- 
sponding with changes in the condition of the Golgi apparatus He 
concludes that the apparatus serves to convey certain nuclear substances 
to the ground-plasm and suggests that it ina)', in fact, be concerned with 
its basophil reaction Perhaps the basophil substances described by 
Gatenby and Hirschler are the same as the basophil granules (Nissl 
granules) I have described If so the oxyphil cloud in the neurones of 
Hchx IS possibly another and separate product of the activity' of the 
apparatus 

Possibly the so called chromatm emissions of Scha\el(i3) represent 
a metabolic activity of the Golgi apparatus such as I ha\ e described 

I conclude that the function of the Golgi apparatus is connected with 
the cy’toplasmio metabolism, possibly the production of protein sub 
stances This result is in harmony avitli the views that the apparatus is 
concerned in secretion and in y olh formation It seems to me also to 
follow on general grounds Since it is a definite organ and has been 
found in all cells adequately investigated it must ha\o one very general 
function I see no other function which could leasonably be attributed 
to it except that of metabohsin 

My thanks are due to Professor Gatenby for Ins advice in con 
neolion with the production of this paper and for his kindness m allowing 
me to use his preparations of Saccoctrnts 
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THE FUNCTION OF THE TUBULES IN KIDNEY 
EXCRETION. By E. B. MAYES. 

{From the Defartmeni of Pharmacology, Edinburgh.) 

It is becoming generally recognised that filtration througb tbe glomeruli 
and some degree of re-absoi^tion in tbe tubules are essential features 
of renal activity. Tbe questions at issue are, in tbe first place, whether 
tbe kidney secretes at all; and secondly, wbetfier tbe glomerular 
membrane is a simple ultra-filter in tbe ordinary physical sense, or can, 
by some vital process, retain tboae difEusible substances wbicb are of 
value to tbe organism. Evidence of tbe constant presence of glucose 
in tbe glomerular fluid is now fairly strong; and since this is not a waste 
product but a substance of high physiological -importance, the ceDs of 
Bowman’s membrane have apparently no power of vital selection, but 
allow all tbe crystalloids of the plasma to pass througb or between them 
without any change in concentration. It is intended, therefore, to deal 
in this paper with tbe question of secretion by tbe tubule cells. 

Interesting observations have recently been pubbsbed by Marshall 
and Vickers(i) and also by de Haan(2), which seem to show that 
certain dyes are secreted by the cells of tbe convoluted tubules. It should 
be mentioned, however, that de Haan does not invoke secretion to 
interpret his . results, but prefers the unlikely theory that proteins can 
pass through the glomerular membrane. This hypothesis does not explain 
certain results obtained by Marshall and Vickers. Neither is'it in 
accord with the fact that gum arabic, if present in the blood in sufficient 
concentration, can produce almost complete anuria; for gum should 
pass through a membrane which allows the passage of protein. 

Accumulation of dye in the ceUs of the kidney was observed many 
years ago by Hei denhain(3), who regarded this as a stage in the process 
of secretion and concluded that urea is concentrated in a similar way. 
Cushny(4) has shown, however, that the amount of urea in the kidney- 
is i\ot sufficient to admit of the theory of storage, especially when allow- 
ance is made for the urea content of the fluid in the tubules. He has 
examined the excretion of glucose also, with similar results. The recent 
evidence of secretion of dyes is more conclusive than that of Heiden- 
hain'j and justifies further search for analogies to normal excretion. 



KIDNEY EXCRETION. 


423 


aeries of experiments has therefore been carried out in order to decide 
whether, if this power of secretion exists, the kidney can apply it in 
dealing with ordinary constituents of the plasma. The experiments 
bear a general resemblance to those of Cushny, but special efforts have 
been made to reduce as far as possible the extra-cellular portions of 
the substances estimated in the kidney. The observations were also more 
quantitative in character, since plasma concentrations were used for 
comparison with those of the kidney fluid. On the other hand, more 
operative interference with the kidney was required, and considerable 
diuresis was essential. 

During the rapid excretion of urea and sulphate the kidney was 
quickly freed from blood and its total content of these substances deter- 
mined, so that any storage which mi^t occur in the renal cells could be 
observed. The error due to partially formed urine in the tubules was 
unavoidable, but was-reduced to a mini mum by diuresis, which prevented 
mueh concentration of this fluid. 

Method. Babbits were ansesthetised with urethane and eviscerated, 
A loose ligature was placed round the aorta above the left renal artery, 
and another was arranged to include the left ureter and both the left 
renal vessels close to the hilum of the kidney. A cannula was tied into 
the aorta below the renal arteries and was connected by rubber tubing 
to a large syringe. A capillary tube was introduced into the left ureter. 
A solution containing sodium sulphate and urea was then injected into 
the jugular vein, and soon after the injection was complete urine was 
collected from the left kidney for a period of 1 to 4 minutes. Blood was 
taken from the carotid artery, and at the same time the ligature on the 
aorta was tightened. Air was at once forced through the kidney from 
the syringe, and when bubbles appeared in the renal vein the ligature 
at the hilum was tied. The kidney was now dissected out, and, after 
removal of the vessels, ureter, and adherent fat, was weighed, transferred 
to a mortar, and ground to a homogeneous semi-fluid pulp. This pulp, 
or an aliquot part of it, was washed into an evaporating basin and dried 
at 90° to 100° C. It was again weighed and then thoroughly extracted 
by grinding with five or six changes of warm water, the total volume of 
which was known. Most of the suspended matter in the extract was 
removed by the centrifuge, and urea and sulphate were determined in 
suitable quantities of the fluid. Urea was estimated by hydrolysis with 
urease followed by vacuum distillation, and sulphate by the gravimetric 
method, the organic matter in the extract being first bxidised with 
potassium chlorate and hydrochloric acid. The urea and sulphate of the 
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plasma and urine were determined in the same way, except that before 
sulphate estimations in the plasma the proteins were destroyed by 
incineration. 

The total fluid of the kidney is represented by the weight lost in 
drying. Part of this fluid was in the renal cells and part in the tubules; 
traces probably in the smaller blood vessels and in intercellular lymphatics. 
The urea and sulphate in the mixed fluid were calculated from the results, 
and compared with the concentrations found in the plasma and urine. 
The figures obtained in a number of experiments are given in the ac- 
companying table. 
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It is clear from these results that during excretion of urea and 
sulphate, under the experimental conditions described, their concen- 
trations in the total fluid of the kidney do not differ much from their 
concentrations in the plasma. Where any material differences are 
observed, the records of exceptionally high and exceptionally low kidney 
concentrations are about equally divided. If the error of individual 
experiments is ehminated as far as possible by taking the average results 
of the series, the concentrations in the kidney and plasma are found to 
be practically the same. When it is remembered that the luea and 
sulphate in the partially formed urine of the renal tubules must have 
imdergone some concentration, the small total content of these substances 
is even clearer evidence that there is no concentration in the renal cells. 
It may be objected that urea is perhaps shielded from the action of 
urease by forming a compound with the protein of secreting ceUs; but 
no similar explanation will cover the shortage of sulphate, since organic 
matter is oxidised before the estimation is begun. 

The process of elimination of urea and sulphate is, therefore, entirely 
different from that which Marshall and Vickers describe in the secre- 
tion of dye; for these observers conclude that a certain amount of dye 
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is stored in the renal cells before concentration in the nrine occurs. Urea 
and sulphate, on the contrary, do not appear to be stored in the renal 
cells, and their concentrations in these cells may even be lower than their 
concentrations in the plasma. 

Two objections may be raised to the technique recorded above. In 
the first place, it may be argued that the interference with the kidney 
necessary for arranging ligatures on its vessels was so great as to prevent 
secretion from taking place. In some of Marshall and Vickers’ experi- 
ments, however, in which part of the spinal cord had been destroyed, the 
kidney must have been in a much more unfavourable condition for 
secretory efforts; yet storage of dye in the renal cells was found to occur. 
Secondly, it may be objected that the concentrations of urea and 
sulphate in the plasma were already so high that storage in the renal 
cells at a greater concentration was impossible, owing to the large amount 
of work against osmotic tension which this would involve. But the 
concentrations of these substances were increased by some means 
during the formation of urine, and if the kidney can secrete them, part 
at least of this increase might have been expected to take place mthin 
the cells. 

This introduces the question of whether true secretion of any con- 
stituent of the urine might be possible without intracellular concentra- 
tion; for the process might consist simply in retention of water while 
the substance is passing through the free border of the cell. The secretion 
of hydrochloric acid by the stomach may be an example of some such 
process, alkali in this case being held back. In view of the toxicity of 
certain products which the kidney must excrete, the value of an arrange- 
ment of this kind is clear; although the advantage of concentration by 
absorption of water from the tubules is still more obvious. But in the 
experiments of Marshall and Vickers (the only evidence of secretion 
by the mammaban kidney on which any reh'ance can be placed) con- 
centration of dye in the renal cells undoubtedly occurred; and the in- 
ference can be drawn that if the kidney could secrete the normal con- 
stituents of the urine, it would do so by a similar method. At present, 
therefore, concentration in the cells must be regarded as a necessary 
criterion of renal secretion. 

A striking characteristic of the excretion of dyes, well shown in the 
experiments of de Maan, is the extent to which the concentration of 
free dye is raised in its passage through the kidney. The concentration 
may be 8000 times as high in the urine as in an ultrafiltrate from the 
plasma. If secretion ordinarily takes place in the kidney, some, at least. 
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of the constituents of the urine should be concentrated to a comparable 
degree. But even when the volume of urine is small, no increase of this 
magnitude is found to occur. Any doubt which exists .in the case of 
creatinine, owing to the negh'gible amount in the plasma, can be removed 
by injecting this substance and observing its elimination; and the same 
method can be applied to ammonia also. In neither instance is the con- 
centration very great. Hence, while it is not possible at present to dispute 
the secretion of dyes, it has yet to be shown that this process has any 
resemblance to the ordinary formation of urine. 

In conclusion it is suggested that the primitive kidney may have 
had both secreting and absorbing functions, but that in the mammal 
a method of excretion has been selected which depends on filtration and 
re-absoq)tion; only a few traces surviving of the earlier secretory power. 
The secretion of readily adsorbed substances, which exert little osmotic 
resistance, is possibly a refic of the past; perhaps also the synthesis of 
hippuric acid and the hydrolysis of urea (5); for none of these processes 
seem to have much value as functions of the Tnammalinn kidney. In the 
bird absorption of fluid is, for the most part, effected in the cloaca, and 
the kidney may have preserved its secretory function. Some evidence 
of secretion of uric acid has recently been obtained in the fowl. If the 
view advanced here is a correct estimate of the position of secretory 
activity in the kidney, the value of phenol sulphone phthalein as a test 
for renal efficiency must be doubted; since this substance is apparently 
eliminated by secretion, and gives no evidence of functional capacity 
in dealing with ordinary waste products. 

SuaiMABY. 

No intracellular concentration has been found to occur during ex- 
cretion of urea and sulphate by the kidney. Evidence obtained by other 
observers that phenol sulphone phthalein is secreted shows that con- 
centration of the dye takes place in the renal cells. It is therefore- con- 
cluded that urea and sulphate are eliminated by a process other than 
secretion; and, in view of the relatively small increase in concentration 
which occurs in excretion of waste products as compared, to dyes, this 
conclusion is extended to the urine as a whole. The conception of rena 
activit^y which justifies the employment of dyes in efficiency tests is 
probably erroneous. 

\ .Most of the expenses of this research have been covered by a grant from the Moray 
of Edinburgh University. 
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Observations on vaso-dilatation caused by stimulating the posterior 
roots have been made almost entirely on the dog and frog, and almost 
entirely deduced either from a rise of temperature, or by increase of 
volume as shown by the plethysmograph, l\Iorat(l), however, noted 
that a reddening of the skin could be directly observed. Most of his 
experiments were made on dogs. In young dogs he found tliat stimula- 
tion of the 6th or of the 7th lumbar posterior root caused flushing of 
pad, toes and of the adjoining skin. The 7th lumbar also caused flushing 
of the skin of the leg, whether a part or the whole is not mentioned. 
He stated that a similar result could be obtained in the cat and gave 
an experiment in which reddemng of the pad and toes was caused by 
stimulating the 7th lumbar posterior roots. Bayliss(2) by the plethys- 
mographic method did not obtain constant results in the cat, but in two 
cases he obtained increase of volume of the leg. The shght or absent 
result he attributed to a rapid loss of excitability of the roots. In the 
course of investigating whether the posterior roots had any effect on 
secretion of sweat in the cat (3) I noticed that flushing of the pad and 
toes of the hind foot, often intense, was produced in all the experiments 
by stimulating the posterior roots of the combined 6th and 7th lumbar 
nerves and that some effect could be obtained at the end of an expen- 
ment lasting several hours. 

The fact suggested that by stimulating the 7th lumbar posterior roots 
after section of the sensory nerves near the periphery, the question 
whether the more central arteries are dilated by antidromic nerve im- 
pulses could be determined. The experiments of this nature led to others 

\ 

\ 



ANTIDROMIC ACTION. 


429 


on the effects of stimulating the peripheral nerves and of variations of 
arterial blood-pressure on capillary diameter which will be considered in 
a later paper. 

Method. The cats were generally anajsthetised first mth chloroform 
and then \vith chloroform and ether after tracheotomy; occasionally ufith 
urethane and C.E. A few, after being chloroformed, were decerebrated 
by Sherrington’s method, and the anaesthetic discontinued. Two animals 
after decerebration were curarised. No notable difference was found by 
the different methods. The stimulus used was the interrupted current of 
an induction coil. Currents just felt on the tongue will produce marked 
flushing, but currents rather strong on the tongue give a better effect, 
especially towards the end of an experiment. Erom Stricter onwards 
nearly all observers have found mechanical stimulation to be more 
effective than electrical and some have not found electrical stimulation 
to have any effect. Mechanical stimulation of the nerve roots is effective 
on the cat’s foot but does not cause greater flushing than electrical 
stimulation. I have not infrequently found towards the end of an experi- 
ment that it wa's less. In order to avoid as far as possible reflex effects 
in preparing the roots I passed a loose ligature round them, out the 
roots with a single out and then tied them. This always caused moderate 
flushing wliich only slowly lessened. In most cases stimulation was for 
about a minute at a time. The animals lay unfastened on a warmed 
table. During an observ-ation the foot must not be moved, since the tint 
is readily increased by pressure on the veins. 

For brevity I sometimes speak of flushing of the pad and of the 
hairless cushions -of the foot as fiimhing of the foot. In the pad the 
larger central part I call the mid pad, the smaller eminences on either 
side of the mid pad I call the side pads. The 1st digit is rudimentary in 
the cat, so that the innermost toe is the 2nd. 

Whilst the method of ocular inspection is e.\cellent for marked changes 
of tint, it is not very "satisfactory for slight and slow changes. Observa- 
tion of a slight change would be much easier if one had a set of standard 
tints but I have not been able to obtain any which reproduce the varying 
tints of the skin with sufficient exactness. The opposite foot to that 
stimulated serves to a limited extent as a control. In some cases one can 
satisfy oneself whether the colour changes or not by stimulating several 
times. But even then one may still be doubtful. It is probable, however, 
that a change of blood supply which is not visible with certainty is of 
little importance. When there is marked flushing in one part of the foot, 
the rest of the foot may seem to become paler from the effect of contrast. 
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80 that when the pallor is slight, it is advisable to cover the flushing 
parts, and to observe only those parts which apparently became paler. 

1. Mushing of the foot caused hy stimulating the posterior roots. 

I have stimulated the posterior roots of the 7th lumbar nerve in 
more than thirty cats. In most cases the foot, i.e. the pad and toes, 
became a brilhant red. . In others the flushing was moderate. In a few 
the flushing at first was doubtful; in these a distinct though slight 
effect was later obtained either by repeating the stimulation several 
times,‘or by increasing the strength of the stimulus. There are various 
factors in addition to the strength of the stimulus, which influence the 
depth of the flush; these are the height of the arterial blood-pressure, the 
thickness of the epidermis, and the responsiveness of the tissues. The 
responsiveness of the tissues to antidromic nerve impulses I think 
varies, since even in a cat in which the posterior roots have but a slight 
effect, the foot flushes well on washing it. The responsiveness appears to 
decrease with age, for in general the flushing was greater in young than 
in old cats. The flushing can be obtained repeatedly during an experiment 
lasting three or four hours, its intensity decreases, but it rarely fails 
entirely. 

The time after the- beginning of stimulation at which flushing begins 
to be visible varies. In favourable conditions it begins in about 5 seconds 
and reaches its maximum in 15 to 20 seconds, but after frequent repetition 
the change in tint is very gradual, and the maximum tint may not be 
obtained for 1 or even 2 minutes. The flushing subsides slowly; after an 
excitation lasting 30-60 seconds the full flush remains for a minute or 
two and slowly decreases in the subsequent 6 to 10 minutes. The slow 
subsidence of the dilatation was noticed by Bayliss in his plethysmo- 
graph experiments and was attributed by him to compression of the 
veins which the plethysmograph method is apt to produce. It is an 
advantage of the ocular inspection method that venous compression can 
be easily avoided. 

Occasionally the 7th lumbar posterior roots cause slight pallor or no 
flushing in the inner side pad and 2nd toe, though the rest of the foot 
flushes, and this is more frequent when the flushing is slight. Further, 
when the flushing is slight, one stimulus may cause flushing in the who e 
foot, and another stimulus cause flushing in one part and pallor m 
another part; the paling part is usually the anterior part of the pad. 

Bayliss fomid that excision of the lumbar sympathetic ganglia did not 
■ antidromic action. In one experiment I out the grey rami of the 7tH lumbar 
stimulated the 7th lumbar posterior roots; there was no perceptible change in e ec 
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The striking fact about the posterior roots of the 6th lumbar nerve is 
that their effect is so small and variable. Out of sixteen experiments a 
marked antidromic effect was only obtained in four. In three of these 
the 2nd toe flushed and the others became slightly pale. The fourth 
experiment I shall speak of presently. In the other twelve experiments 
the effects were slight, or it was doubtful , whether there were any. In 
most of th.em, it must be mentioned, the 6th lumbar (and 1st sacral) roots 
were stimulated after the posterior roots of the 7th lumbar — a condition 
not favourable for the detection of a sh'ght change of tint. The effects 
were; doubtful pallor of the 2nd toe, slight general pallor, and occaaonally 
slight general flushing. 

The 1st sacral posterior roots had also a slight action, but they 
generally caused flushing of the 6th and 4th toeS (rarely any of the 3rd 
toe) and slight' pallor of the 2nd toe. The effect on the pad was variable, 
not Infrequently a part or the whole became pale; the maximum extent 
of flushing found was of the outer side pad and the outer half of the mid 
pad. Sometimes there was slight pallor in all the toes, less frequently 
sh'ght flushing in all. In one experiment only did the flushing caused 
by the 1st sacral overlap that of the 6th lumbar. In this (the fourth 
experiment mentioned above) the 6th lumbar posterior roots caused 
fairly good flushing in the 2nd toe, less in the third, slight in the 4th and 
pallor in the 6th toe. The Ist.sacral posterior roots caused trifling but 
perceptible flushing, decreasing from the 6th toe to the 3rd, and pallor 
in the 2nd toe. The nerves in this case belonged to the anterior class, 
i.e. some of the fibres ordinarily in the 7th nerve were in the 6th lumbar 
.nerve. The slight effects both of the 1st sacral and the 6th lumbar not 
infrequently vary With successive stimnli indicating a different balance 
of antagonistic factors. When the oripn of the nerves is not markedly 
anterior or posterior, the 7th lumbar posterior roots have a greater 
effect than those of the 6th on the inner part of the foot, and a greater 
effect than those of the Ist sacral on the outer part of the foot, so that 
each part receives more antidromic fibres from the 7th lumbar than 
from any other nerve. 

The 5th lumbar and the 2nd sacral roots, I have stimulated in two 
experiments only. The effect, if any, was slight pallor. I have not paid 
much attention to the web, but I have seen marked flushing in it on 
stimulating the 7th lumbar posterior roots after the hairs have been 
out. The dorsal skin of the digits also flushes, but in the few observations 
I have made, the flushing was only slight. Thus antidromic vaso-dilatation 
though of varying degree can be seen in the whole area of the phalanges. 
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In the few observations made on the inner surface of the skin of the 
leg and on the superficial fascia, I have not found any distinct anti- 
dromic action. The pallor of the pad and toes caused by stimulating the 
posterior roots after section of peripheral nerves (cp. p. 439) shows, how- 
ever, that there is some vaso-dilatation prosdmally of the pad. 

As said above, the posterior roots of the 6th lumbar nerve whilst 
causing flushing in the inner toe or toes may cause pallor in the outer 
toe or toes, and the posterior roots of the 1st sacral may cause flushing 
in the outer toes and pallor in the inner toes. There is reason to heheve 
that the 6th lumbar does not send afferent fibres to the outer toes, and 
that the 1st sacral does not send afferent fibres to the inner toes. The 
paUor, then, may provisionally be attributed to a fall of arterial pressure 
caused by dilatation of the vessels in the adjoining region, though the 
possibility of a reflex component must be considered later. On the same 
groimd, the shght paUor in all the toes sometimes caused by the 6th 
lumbar and the 1st sacral roots may be attributed to dilatation proxi- 
mally of the toes. Pallor may be produced in a more distant part, for 
when the 7th lumbar roots of one side cause marked flushing, it is 
accompanied by paling of the opposite foot; this is best seen by stimu- 
lating the roots of the two sides alternately at intervals of about five 
minutes. 

Dilatation centrally of the pad besides tending to cause a fall of 
peripheral arterial pressure also tends to increase venous pressure. In- 
crease of venous pressure readily causes capillary dilatation. Simply 
lifting the foot in any way commonly causes flushing of the pad and 
toes. IVhen the cat is on its beUy lifting the foot by a finger placed under 
the ankle, thus compressing the dorsal vein, may make the foot a brilliant 
red. If the 7th lumbar posterior roots are stimulated on one side, lifting 
each foot in this way when the flushing has nearly subsided generally 
causes the foot on the stimulated side to become much redder than that 
on the unstimulated side. The result strongly suggests that the stimula- 
tion has caused a decrease of capillary tone (cp. p. 441). I attribute, then, 
the fehght flush of the whole of the foot which is occasionally produced 
by the 6th lumbar and 1st sacral posterior roots in cats having a median 
origin of nerves to a combination of increased venous pressure and 
decreased capillary tone. Sometimes on stimulating these roots one part 
of the foot will consistently become pale more than the rest in apparently 
identical conditions, indicating a difference in capillary tone in the 
different parts of the foot. There is one other point to mention. It JS 
not uncommon for the flushing to increase after the stimulation as 
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ceased This may be due to earlier cessation of dilatation in some central 
part and consequent nse of local arterial blood pressure 

The plan of the experiments was to cut one or more of the sensoiy 
nerves near the ponphery and to observe the effect of the section on the 
flushing normally caused by stimulating the posterior roots Since, how- 
ever, there are numerous nerve and artery anastomoses m the foot, it 
was necessarv to make some observations on the extent of these in the 
cat 

2 The nerves and blood vessels of the foot of the cat 
The general features of the distribution of nerves and artenes in the 
foot of the cat are the same as those described in carnivora by Ellen- 
berger and Baum, and m the dog by Sissons in their respective 
treatises on the Anatomy of Domestic Animals But there are one 
or two points, important for investigations on antidromic action, in 
which the anatomy in the cat differs from that they describe In the 
following account the anatomy is only given m so far as is necessary to 
understand the experimental results 

On the dorsal surface of the foot the musculo cutaneous nen'e (n 
peroneus superflciabs) gives a nerve to each side of each digit The branch 
of the musculo cutaneous nerve which supphes the 2nd and 3rd digital 
nerves is joined by a branch from the antenor tibial nerve (superficial 
branch of n per profundus) The internal saphenous nerve commonly 
sends a small filament to the muscido cutaneous The point of division of 
the musculo cutaneous nerve in the metatarsal region vanes, a common 
form IS shown in the diagram. Fig 1 

The internal nntl external saphenous nerves running respectively to the inner and 
outer Burfaco of the foot sometimes appear to be connected with tho adjoining musculo 
cutaneous branch, but I do not thmk they send fibres to the cushions of the toes Ellon 
berger and Baum state that in carnivora the anterior tiUial nerve besides being con 
nected with the musculo cutaneous branch described above is also connected with the 
two laterally placed musculo cutaneous branches (dotted Imes m Fig 1) These I have not 
seen m the cat on dissection, but possibly small filaments ore present. 

A diagram of the arrangement of the plantar nerves is given in Fig 2 
The connections of the deep external plantar shown by dotted hnea are 
variable, the filaments run parallel to the deep metatarsal artenes and 
may accompany them They run chiefly to deep structures and commonly 
send no fibres visible on dissection to the superficial plantar nerves But 
in one case — though in one foot only — -the nerve near the central deep 
metatarsal artery was an obvious strand and was easily followed to the 
4th digital nerve a httle past its separation from the 5th digital The 
nerves for about *5 cm from the junction were treated with osrmc acid 
PH. nvn 28 
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and teased, a few fibres ran to the 5th digital nerve and a small bundle 
ran backwards in the superficial plantar nerve. Thxis the plantar digital 
nerves whilst usually arising from the superficial plantar nerves with 
little or no addition from the deep plantar nerves, may receive filaments 
from them. 

Ellenberger and Baum call the branches of the external plantar nerve which run 
with the three deep metatarsal arteries the “common digital nerves,” and say that they 
receive the superficial plantar nerves and then form the “proper plantar digital nerves 
2 to 7.” In the cat the “proper plantar digital nerves” are tormed entirely or almost 
entirely by the superficial plantar nerves. Occasionally the deep external plantar sends a 
filament to join the superficial plantar nerve of the lateral surface of the 5th digit and 
there are no doubt other variations. The peroneal and posterior tibial nerves are each to 
be regarded as forming nerve plexuses in the foot, the strands of which separate at different 
points in different animals. 



Fig. 1. I.S. Internal saphenous nerve filament to musoulo-cutaneons nerve. I.^j. Skin 
branch. E.S. Skin branch of external saphenous nerve. 3I.C. Musoulo-cutaneons 
nerve. .4.T. Superficial branch of anterior tibial nerve. 

Fig. 2. I.Pl. Internal (medial) plantar nerve; mus. its deep (muscle) branch; s. its super- 
ficial (sensory) branch, dividing into medial, central and lateral branches. E.Pl. External 
(lateral) plantar; mtis.' its deep (muscle) branch, giving off three metatarsal filaments 
(md.) running near the deep metatarsal arteries (see Text); s. its superficial sensory 
branch dividing into a medial and a lateral branch. 


I shall frequently have to speak of the effect of section (or of stimula- 
tion) a little proximally of the pad, of the several branches of the super- 
ficial plantar nerves. It is to be borne in mind that the medial branch 
of the internal plantar supplies the medial (inner) surface of the 2n 
digit; the central supphes the adjoining surfaces of the 2nd and 3r 
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digits and the inner side pad; the lateral branch supplies the adjoining 
surfaces of the 3rd and 4th digits and the mid pad, and that the medial 
branch of the external plantar supplies the adjoining surfaces of the 4th 
and 5th digits and the outer side pad, the lateral branch supplying the 
lateral (outer) surface of the 6th digit. 

The course of the arteries was brought out by the starch injection 
method I have described elsewhere (This Journ. 57. 1923, Proc. 
Physiol. Soc. p. Ixx). Broadly speaking, the superficial structures of the 
metatarsal region are supplied with blood from the saphenous artery, by 
a small branch from the posterior tibial artery which runs with the 
plantar nerves, and bjr a small branch from the anterior tibial artery 
which runs with the musculo-cutancous nerve, and, broadly speaking, 
the deep metatarsal structures and the digits are supplied with blood 
by the anterior tibial artery. The superficial arteries accompany the 
superficial nerves, dorsal and plantar, their communicating arteries will 
be mentioned presently. The statement of Ellenberger and Baum 
that the internal saphenous artery is the main source of the blood supply 
of the foot of carnivora is in the cat only true of the superficial structures. 

The anterior tibial artery, after giving a branch to the tarsus, dips 
down between the 2nd and 3rd metatarsal bones as the perforating 
artery. The perforating artery gives ofi a branch which divides into 
several branches, one joins the artery of the external plantar nerve 
(communicating artery), one runs to the sldn of the proximal metatarsal 
region. The perforating metatarsal gives off branches to muscles and 
divides into medial, central and lateral deep metatarsal arteries (Fig. 
3 B). The muscle branches of these we need not notice. Near the end of 
the metatarsal region and beginning of the phalangeal region three small 
arteries (sometimes more) are given off (Fig. 3 A). The first gives off 
several branches, one joins the artery accompanying the underlying 
plantar artery (plantar communicating artery), another supphes the side 
pad, respectively the posterior part of the mid pad. The second gives off 
branches, one of which joins the artery accompanying the overlying 
musculo-cutaneous nerve (dorsal communicating artery). The third 
branch runs to the metatarsal region and the proximal part of the web, 
and in the case of the central deep metatarsal artery sends a branch to 
the anterior part of the mid pad. The occurrence of separate arteries to 
the proximal and distal portion of the mid pad accounts for the not 
infrequent difference in tint in the two portions on nerve stimidation. 
The general arrangement is shown in Fig. 3 A, but the point at which 
the arteries are given off varies in different cals. The course of the 
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and teased, a few fibres ran to the 5th digital nerve and a small bundle 
ran backwards in the superficial plantar nerve. Thus the plantar digital 
nerves whilst usually arising from the superficial plantar nerves with 
little or no addition from the deep plantar nerves, may receive filaments 
from them. 

Ellenberger and Baum call the branches of the external plantar nerve which run 
with the three deep metatarsal arteries the “common digital nerves,” and say that they 
receive the superficial plantar nerves and then form the “proper plantar digital norycs 
2 to 7.” In the cat the “proper plantar digital nerves” are formed entirely or almost 
entirely by the superficial plantar nerves. Occasionally the deep external plantar sends a 
filament to join the superficial plantar nerve of the lateral surface of the 5th digit and 
there are no doubt other variations. The peroneal and posterior tibial nerves are each to 
be regarded as forming nerve plexuses in the foot, the strands of which separate at different 
points in different animals, 



Fig. 1. I.S. Internal saphenous nerve filament to musculo-cutaneous nerve. I.S^. Skin 
branch. E.S. Skin branch of external saphenous nerve. M.C. Musculo-cutaneous 
nerve. A.T. Superficial branch of anterior tibial nerve. 

Fig. 2. I.Pl. Internal (medial) plantar nerve; rrnie. its deep (muscle) branch; s. its super- 
ficial(sensory) branch, dividing into medial, central and lateral branches. F.P/.EifcmaI 
(lateral) plantar; mus.' its deep (muscle) branch, giving off three metatarsal filaments 
(met.) running near the deep metatarsal arteries (see Text); s. its superficial sensory 
branch dividing into a medial and a lateral branch. 

I shall frequently have to speak of the effect of section (or of stimula 
tion) a httle proximally of the pad, of the several branches of the super 
ficial plantar nerves. It is to be borne in mind that the medial branc 
of the internal plantar supphes the medial (inner) surface of the 2n 
digit; the central supphes the adjoining surfaces of the 2nd an r 
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(Fig. 35 and C); the trunk passes under the tendon of the short flexor, 
crosses to the opposite side and sends small arteries to the web, claw 
and cushion and a centripetally running artery to the proximal portion 
of the digit and end of the metatarsal region (op. Fig. 3 5). 

As the plantar digital nerves do not run close to the digital arteries 
in the first part of their course it is doubtful whether they innervate any 
part except the branches and the end near the cushion of the toes. 

When the central metatarsal artery divides into two digital arteries late in the web, 
there is near the point of division a small centripetally running artery given off near the 
point of division. It may bo mentioned that small arteries anastomose in the skin and in 
the ventral surface of the tendon of short flexor muscle. 

The plantar digital nerves send a branch accompanying the artery 
imder the tendon, which forms there a bunch of Pacinian bodies, but I 
have not been able to trace any fibres crossing to the opposite side of the 
digit. 

3. Simulation of posterior roots after section of peripheral nerves. 

From the anatomical course taken by the nerves it was clear that in 
order to ensure complete isolation of the vessels of the digits from 
possible nerve impulses when the posterior roots are stimulated, and 
thus to determine the effect of the roots on the central portions of the 
arteries, it would he necessary to cut not only the superficial plantar 
nerves a little proximally of the pad, but also the superficial dorsal, the 
deep branches of the external plantar, and possibly small branches of the 
anterior tibial nerves. The operation would cause so much disturbance 
of the digital circulation that it was not worth attempting. 

The effects of stimulating the several peripheral nerves will be given 
in detail in a later paper, but I may mention here the general results. 
The superficial plantar nerves, on the first or later stimulation, always 
cause flushing, usually intense. Flushing produced by other peripheral 
nerves is slight and variable. The dorsal nerve of the foot has a very 
variable effect on the plantar region; it usually causes some primary 
pallor followed by slight flushing in patches, or occasionally general 
moderate flushing. The anterior tibial and deep external plantar generally 
cause marked pallor, but may cause slight flushing in patches. Each may 
cause a moderate after-flush. If any part of the flushing sometimes 
produced by these nerves is due to antidromic action, some variation in 
the result of stimulating the posterior roots after section of the plantar 
nerve branches would be expected. 

The experiment which seemed most likely to give definite results was 
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to stimulate the posterior roots after section of one of the superficial 
plantar nerves. If no flushing was produced in the region supplied by 
the cut nerves, it might reasonably be concluded that the arteries 
centrally of the. digital arteries did not dilate; on the othefhand, if some 
flushing were produced, its degree could be compared with that of the 
region with uncut nerves. 

Section of the superficial branch of the internal plantar nerve. In cutting 
this nerve, or other superficial nerves, the skin should be raised from 
the underlying tissue, since small veins lie immediately below the skin. 
It is not always possible to. avoid cutting the small arteries which run 
with the nerves, but sometimes the main artery can be isolated. I have 
not found that it makes any difference whether the arteries are cut or 
not. The branches of the nerves were cut about 1-5 cm. proximally of 
the pad, and the 7th lumbar posterior roots stimulated. In four of 
the experiments the same striking results were obtained. Flushing was 
confined to the outer side pad, the 5th and 4th toes, and the rest of the 
foot became paler. Fig. 4 gives a diagram of the results. 



Kg. 4, Stimulation of the 7th lumbar posterior roots after section of the internal plantar 
nerve. The parts which flushed are black, the other parts became paler. 

A noticeable feature which occurred in three of the experiments was 
the strictness of the limitation of flushing in the 4th loe to its lateral 
side. The medial side became paler and there was a narrow line between 
_ the flushed and pale halves. Towards the end of an experiment both 
flushing and pallor were less, and there was either slight flushing with 
no certain paUor, or sHght pallor before flushing was perceptible. In 
these experiments it is clear that the flushing was produced by an action 
at the periphery. The dorsal arteries in their whole cQurse and the other 
arterial trunks in their course proximally of the pad had their normal 
contingent of afferent fibres. Indeed it is not improbable that the in- 
nervation of the proximal part of the digital arteries was also intact, 
for, as we have seen, the plantar nerves only pass close to the digita 
arteries about the end of the 2nd phalanx. 
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In several experiments there was more or less vanation from the 
results just mentioned. Sometimes the internal plantar region did not 
become pale, or not equally pale in all parts, and in one or tno expen- 
ments, though not constantly, it flushed slightly The results might have 
been partly due to a few antidromic fibres taking the course of the 
uncut nerves, it occurred however in two experiments in which the 
peroneal as well as the superficial internal plantar had been cut In all 
these cases the 7th nerve had been stimulated before section of the 
superficial internal plantar and I take the absence of pallor or the 
shght flushing to have been caused mainly bj’ increased venous pressure 
acting on capillaries decreased in tone by antidromic action. 

Section of both superficial plantar nerie branches A few expenments 
only were made since the results were such as w ould be expected from 
the expenments already given Tiie posterior roots of the 7th lumbar 
nerve were out and tied on both sides On the side with plantar nerves 
intact, the stimulation caused the usual deep flush of the pad and toes 
The stimulation on the side with cut plantar nerves usually caused 
pahng of the foot This vaned in depth at different times in the course of 
the experiment, and was not always equal in all parts of the pad and in 
all the toes, and sometimes there was shght flushing in one or other 
part The pallor was not as great as that usually present in the internal 
plantar region when the superficial internal plantar nerve alone was out, 
1 e when there was dilatation in the outer part of the foot 

Section of digital nerves In four experiments the plantar digital 
nerves were cut on both sides of the 3rd toe or 4th toe about half a 
centimetre proximally of the cushion and the postenor roots of the 7th 
lumbar nerve stimulated The skin was cut in the raid ventral hne of the 
toe, first being raised to avoid cutting small v eins It may be noted that 
these veins are apt to contract dunng the dissection The plantar digital 
nerves are semi transparent and not always easily distingmshed from 
the surrounding connective tissue In three such expenments, stimula- 
tion of the posterior roots of the 7th nervm caused pallor — in two cases 
considerable, in one shght but distinct — in the cushion of the toe the 
plantar digital nerves of which had been cut, and marked flushing in 
the rest of the foot In these expenments the proximal portion of the 
digital artery had its nerves intact, and it is difficult to beheve that if 
it had dilated it would not have caused flushing in the cushion of the 
toe In the remaining expenment there was no marked change in the 
digit with cut nen es, sometimes there was shght pallor, sometimes 
shght flushing and generally some flushing after the stimulus had 
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ceased. In this case the dissection had caused protracted flushing of 
the toe. 

Compression of the toe to aiolish conductivity in both plantar and dorsal 
digital nerves. A string about 2 mui. in diameter was passed round the 
3rd toe a little proximally of the 2nd phalanx and twisted. In a pre- 
liminary experiment the string was twisted and released, and about a 
minute later the superflcial branch of the internal plantar stimulated. 
It was found that very strong twisting was required to preyent the nerve 
from causing a few drops of secretion^. The test is not an absolute one 
for the abolition of conducti^’ity of antidromic fibres, since antidromic 
and secretory effects do not run parallel. 

Three experiments were made in which the 7th lumbar posterior 
roots were stimulated after compression of the 3rd' toe. The result was 
less striking and less constant than that after section of the nerves. The 
compression caused the toe to be bright red for a considerable time, 
indicating a protracted decrease of capillary tone. In each experiment 
the stimulation caused sometimes slight but distinct pallor in the 3rd 
toe, but not infrequently there was no perceptible change of tint, and 
sometimes there was slight flushing. 

Section of the plantar nerve running to one side of a digit. 

Most of the experiments mentioned above were made before I had 
found that the artery of one side of a toe crossed to supply the opposite 
side. This fact suggested another form of experiment, the nature of 
which will be best seen by an example. Fig. 5 is a diagram of the nems 
cut, and of the course of the digital arteries. 


3 


4 


Fig. 5 

The parts of the toes marked in black flushed on stimulating the 

^ As in all experiments in wliich the secretory effect is slight the nerve must be 
Jafed several times and with rather a strong current in order to he certain that no Becre 
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posterior roots of the 7th nerve'*, the light parts became paler. The 
plantar nerves to the 3rd toe were intact and this flushed well. The 
plantar nerves to the central part of the artery of the 2nd and 6th toes 
were intact and the parts of the toes supplied by these parts flushed, 
but there was a pale patch on the opposite side supplied by the artery' 
in its further course. The digital nerve on the medial side of the 4th toe 
was cut about the middle of its course and the half of the toe on this 
side became pale. The flushing in the 2nd and 5th toes was well over 
the median line, the pale area curved towards the free surface and 
extended to the base of the cushion, sometimes it could be seen to 
involve the adjoining part of the web. The area on the cushion, as seen 
from the "side, was more or less oval. A pale area of varying extent on 
the side of the cushion opposite to that having the central part of the 
artery was found in similar experiments on the 3rd and 4th digits. The 
pale area is usually bounded at the pro.ximal part of the cushion by a 
small vein, which runs obliquely towards the side of the digit which has 
the recurrent artery. If the digital nerve on either side of a toe is cut and 
stimulated, and a little later the 7th lumbar posterior roots are stimulated, 
there is usually flushing of both sides of the cushion indicating that the 
degree of spread of flushing from one side to the other is dependent, 
amongst other factors, upon the degree of capillary tone. 

Stimulation of •posterior roots after clamping the abdominal aorta. 

The facts given above are, I think, only explicable on the theory that 
capillary dilatation is the chief factor, if not the only one, in antidromic 
flushing. If antidromic action decreases the tone of the capillaries 
stimidation of the posterior roots should cause some flushing in the 
absence of arterial pressure, provided there is some venous pressure. 
In order to determine whether this efiect is produced, the abdominal 
aorta was clamped, and when the feet had become quite pale, the 
posterior roots of the 7th lumbar nerve were stimulated on one side. 
The stimidation caused slight, but distinct, flushing of the pad and toes, 
the opposite side remaining pale. In the conditions of the experiment 
dilatation of arteries would tend to take blood from the capillaries, and 
in consequence I consider the flushing to have been due to a decrease 
of capillary tone which allowed them to he slightly distended by the 
venous blood-pressure. 

Remarks. The preceding results give, I think, good ground for 

' Tho Ist sacral posterior roots caused flushing in the 6th and 4th toes like that caused 
hy the 7th lumbar roots but pallor in the 3rd and 2nd toes. 
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ceased. In this case the dissection had caused protracted flushing of 
the toe. 

Compression of the toe to abolish conductivity in both plantar and dorsal 
digital nerves. A string about 2 mm. in diameter was passed round the 
3rd toe a little proximally of the 2nd phalanx and twisted. In a pre- 
liminary experiment the string was twisted and released, and about a 
minute later the superflcial branch of the internal plantar stimulated. 
It was found that very strong twisting was required to preyent the nerve 
from causing a few drops of "secretion^. The test is not an absolute one 
for the abohtion of conductivity of antidromic fibres, since antidromic 
and secretory effects do not run parallel. 

Three experiments were made in which the 7th lumbar posterior 
roots were stimulated after compression of the 3rd' toe. The result was 
less striking and less constant than that after section of the nerves. The 
compression caused the toe to be bright red for a ■ considerable time, 
indicating a protracted decrease of capillary tone. In each experiment 
the stimulation caused sometimes slight but distinct pallor in the 3rd 
toe, but not infrequently there was no perceptible change of tint, and 
sometimes there was slight flushing. 


Section of the plantar nerve running to one side of a digit. 

Most of the experiments mentioned above were made before I had 
found that the artery of one side of a toe crossed to supply the opposite 
side. This fact suggested another form of experiment, the nature of 
which ■will be best seen by an example. Fig. 5 is a diagram of the nerves 
cut, and of the course of the digital arteries. 
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dilatation, but the responBivenesa of the tissue affected by antidromic 
nen’O impulses may be much less than that of the sweat glands to sym- 
pathetic nerve impulses and the occurrence of flushing may be to some 
extent counteracted by dilatation proximally of the pad. 

Summary. 

The experiments were made on the cat. 

1. Stimulation of the posterior roots of the 7th lumbar nenm with 
induction currents causes flushing in the whole of the skin of the digital 
region of the hind foot. In the pad and the cushions of the toes the 
flushing is usually intense and detailed observations were confined to 
these parts. The flushing was first observed by Mo rat. The 6 th lumbar 
and the let sacral posterior roots in nearly all cases cause much less 
distinct flushing, and in all the cases observed it was in a part of the 
foot only. The Gth lumbar generally causes flushing in the 2nd toe and 
inner side pad, the Ist sacral in the rest of the foot, but the area affected 
varies somewhat with the origin of the nerves from the spinal cord. In 
one experiment in which the origin was anterior the areas of the two 
nerves overlapped. The area which docs not flush usually becomes paler. 
Sometimes neither nerve has any certain effect, this is more frequent 
with the 0th lumbar than with the let sacral posterior roots and both 
may cause slight pallor in the whole foot. The areas affected by the 
posterior roots of the several nerves correspond closely with the cutaneous 
areas of the nerves described by Sherrington. 

2. The sympathetic secretory fibres which run to the Gth lumbar 
and 1st sacral nerves caused marked secretion in areas which arc ap- 
parently not supplied with posterior root fibres from these nerves, sug- 
gesting that the sympathetic fibres spread out in the lumbo-sacral 
plexus more than do the posterior root fibres of the several spinal nerves. 

3. Nearly all the antidromic vaso-dilator fibres to the pad and 
cushions of the toes run in the superficial branches of the plantar nerves, 
a few take a variable course by one or more of the other nerves. The 
effect of these is slight and inconstant and generally in small patches. 
From observations on the effect of stimulating the 7th lumbar posterior 
roots after section of one or more of the nerves near the periphery it is 
shown that the direct course of the arteries supplying the cushions of 
the toes up to the small branches given off by the digital arteries are not 
perceptibly affected by antidromic impulses, and it is concluded that 
they are unaffected. One form of experiment depends on the fact tliat 
one side of each toe is supplied by on artery which crosses from tlio 
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sample of blood was taken when the animal showed obvious symptoms 
as it was found that the condition of shock during convulsions prevented 
the requisite amount of blood being obtained within a reasonable time. 
Though the injection of glucose enables the animal to recover and appear 
normal, this condition of shock apparently persists for a considerable 
time, for the same difficulty was experienced in obtaining the necessary 
blood even many hours after the convulsions. 

As will be seen from the table of results, there is a sharp fall in the 
inorganic phosphorus within the first hour, the values obtained then and 
at the time of convulsions showing little change. The average fall in the 
inorganic phosphorus is about 30 p.c. The few results which we have been 
able to obtain during recovery, indicate that the value for the inorganic 
phosphorus rises only very gradually to its original level, and in some 
cases has not done so by the next day. It seemed possible that the fall 
in the inorganic phosphorus might be due to the formation of an organic 
complex; but estimations of the total acid-soluble fraction do not tend 
to support this view. For example it wdl be seen that in the case of 
rabbits 11 and 15, though there is a shght fall in the total acid-soluble 
phosphorus, this corresponds approximately with the fall in the inorganic 
phosphorus. Hence the organic fraction is apparently unchanged. But 
since the differences in the values for the total acid-soluble fraction lie 
within the experimental error of the method, the point cannot be regarded 
as definitely established. A micro-Neumann incineration method was 
used, the probable error of which is 3 p.c. If the inorganic phosphorus 
which disappears after insulin is the only phosphorus taking part in the 
formation of a complex, then it is clear that the question cannot be 
decided with the methods at present available. 

Discussion. The fall which we have observed in the inorganic phos- 
phorus may be due to one of several reasons. 

The phosphorus may have contributed to the formation of an organic 
complex in the blood. If this is not of an acid-soluble t 3 rpe (though our 
results do not definitely exclude the possibihty), it may yet be of such a 
nature that it is precipitated with the proteins; if this were the case it 
would not be estimated. 

The injection of insuhn may have led to an increased excretion o 
phosphorus in the urine. We have been unable to obtain samples o 
urine over short periods lor the investigation of this point. Two of ^ 
however (V. B. W. and C. E. W.) in unpubhshed experiments on the 
phosphate excretion in man have never found an increased phospboru 
elimination associated with a fall in the blood phosphate. 
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There remains the possibility that the phosphorus is taken up by the 
tissues. Two of us (8) have suggested that though glycogen disappears 
after insulin, the carbohydrate content of the body may be very little 
affected, and that glycogen is converted into some sugar complex which 
is resistant to acid hydrolysis. It is not unlikely that in this conversion 
phosphorus may play an essential part. It has been shown (O) that the 
nature of the blood sugar of persona suffering from diabetes mellitus is 
changed after injection of insulin. We are at present engaged in testing 
the possibility of an alteration in the blood phosphate as a result of 
administration of insulin to clinical cases. 

Summary. 

1. Injection of insuhn into rabbits causes a rapid fall in the inorganic 
phosphorus of the blood. 

2. This low level is maintained for many hours after recovery from 
convulsions by glucose. 

3. The total acid-soluble phosphorus is very httle altered. 

We wish to thank Professor F. 6. Hopkins for the interest he has 
taken in this work. 

The eipenaee of this research were in part borne by grants made by the Scientific and 
Industrial Research Board (to W. S., V. B. W. and C. E. W.) and by the Medical Research 
Ccancil (to L. B. W.). 
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R. 2 

R.5 

R. 3 

R. 8 

R. 15 

R. 14 


Protocols. 


Normal rabbits 


Time 

Blood phosphate mg P % 

Time 

Blood phosphate mg P % 

1000 

5-44 

R. 4 

11-00 

6-68 


10-10 

Injected with saline 

11-15 

Saline injection 

12-00 

5-39 


12-30 

6-71 


2-35 

5-38 


3-30 

6-47 


10-15 

4-11 





10-45 

Saline injection 




12-00 

4-32 





3-55 

4-37 







Insulin rabbits 




9-40 

5-81 

R. 6 

10-00 

5-72 


10-00 

Insulin 


10-15 

Insulin 


11-00 

3-05 


11-30 

4-73 


12-00 

3-26 


2-00 

4-26 
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Convulsions relieved by 


Convulsions did 


glucose 



not occur 


3-30 

3-40 





next day 4-74 





Time 

Inorganic P. Acid-soL P. 

Time 

Inorganic P, Acid.-soL P. 

10-00 

4-55 

— R. 11 
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4-05 

4M 
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Insulin 

— 
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Insulin 

— 
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2-05 

— 

11-20 

2-50 

40*7 

2-30 

. 3-18 


1-00 

2-55 

— 


No convulsions 


1-15 

Convulsions 

— 
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Glucose given 


— 

— 

— 

5-00 

3-10 

— 

9-45 

6-23 

42-3 R. 10 

10-00 

6-74 

— 

10-00 

Insulin 

— 

10-15 

Insulin 

— 

11-35 

4-94 

40-0 
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4-26 

— 
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— 

1-30 

Convulsions 

— 


Glucose given 



Glucose given 


2-30 
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4-30 

4-30 


6-00 

5-20 

— 

— 

— 


10-00 
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— R. 17 
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4-44 

— 

10-10 

Insulin 
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11-30 
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— 

11-30 

Convulsions 

— 
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Convulsions 

— 
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— 
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2-00 
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— 

2-20 
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— 

5-45 
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— 
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THE RELATIVE IMPORTANCE OF THE FACTORS 
CONCERNED IN THE FORMATION OF THE URINE. 
By N. B. DEBYEE, /S/iorpey iScioiar, AND E. B. VEENEY, Ee/Z 
Memorial Besearch Fellow. 

{From the Institute of Physiology, University College, London.) 

In a paper already published (Starling and Verney(i)) it was shown 
that the isolated mammalian kidney, perfused by means of a heart-lung 
preparation, was capable of secreting a fluid hypotonic to the blood 
plasma, and of concentrating urea and glucose. In this preparation there 
ate three independent means by which a variation in the rate of secretion 
is possible. These ate: the pressure at which the blood is supplied to the 
kidney, its velocity of flow, and its chemical composition. An attempt 
has been made to relegate to each of these factors its proper share in the 
process of secretion by the kidney. By keeping one factor constant and 
noting the effect of a variation in the second on both the third factor 
and the rate of urinary flow, it was possible to estimate in turn the 
relative importance of all these factors. We will first describe experiments 
in which the composition of the blood was maintained constant. 

Some evidence was brought forward previously in favour of the 
height of the renal arterial pressure, rather than the rate of blood flow, 
being the more important factor in the causation of the urinary flow. 
A more extended use of the method has inclined us still more to this 
view. 

When the artificial circulation is turned on, the blood flow through 
the kidney is at first very Small. This gradually increases up to a maxi- 
mum for the particular pressure employed, and coincident with this 
recovery the urinary flow begins. This period of recovery can be shortened 
appreciably by section of the corresponding splanchnic nerve a con- 
siderable time before the excision of the kidney. After the preparation 
has reached a steady state, any alteration in the pressure at which the 
blood is supplied to the kidney is accompanied invariably by a change 
m the rate of urinary flow, and usually by a change in the rate of 
blood flow. 

Often the rate of urinary flow on the one hand and the rate of blood 
flow and blood-pressure on the other show a linear relationship. Such 

29—2 
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a case is charted in Pig. 1. Although in this experiment an almost direct 
proportionality holds between both rate of blood flow and blood-pressure 



and rate of urinary flow, it will be seen from the slopes of the curves that 
percentually the relationship between blood-pressure and urinary flow 
is a closer one than that between blood flow and urinary flow. The blood- 
pressure readings are measured throughout, at the renal arterial cannula. 
Sometimes, however, the relations are not so close and in these cases, the 
rate^of blood flow shows a greater tendency to wander from the narrow 
path of linear relationship with urinary flow, than does the height of 
arterial pressure. 

In Pig. 2 are some readings taken from an experiment in which the 
conditions were as steady as possible. Although a rise or fall in blood- 
pressure was invariably accompanied by a change in rate of urinary flow 
in the same sense, the alteration in blood flow might even be in the 
opposite sense. Thus lowering the blood-pressure from 40 to 32 mm. Hg 
was accompanied by a diminution in the rate of urinary flow from 1 to 
'2 c.c. per 10 mins., but by an actual increase in blood flow from 60 to 
69 c.c. per min. This is brought out even more clearly in the following 
two charts taken from two further experiments. In Pig. 3 the rate of 
urinary flow is a linear function of the blood-pressure whilst being quite 
imrelated to the rate of blood flow. In the experiment from which Pig. 4 
is taken, raising the blood-pressure from 50 to 70 mm. Hg caused an 
increase in blood flow from 120 to 150 c.c. per min., and in urine flow 
from 2-6 to 11 c.c. per 10 mins. Lowering the blood-pressure to 42 mm. 
Hg oh the ouher hand, was accompanied by a fall in ‘urine flow to 24 c.c. 
per 10 mins., whilst occasioning no alteration in the rate of blood flow. 
It is important to remark that during the period over which these readings 
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■were taken, no alteration was actively made in the composition of the 
circulating blood. * 



The experiments are confirmatory of the results of Richards and 
Plant who 8howed(2) that changes in the renal blood-pressure were 
accompanied by parallel changes in the rate of urinary flow although 
the velocity of blood flow through the kidney was maintained constant. 

We now pass to a consideration of the influence exercised by a change 
in the composition of the blood on the rates of blood flow and urine flow 
respectively, the blood-pressure being maintained constant. For this 
purpose the efiects produced by the addition of solutions of sodium 
chloride, urea, and sodium sulphate have been studied. 

(fl) Sodium chloride, 0*9 p.c. NaCl added to the circulating blood 
invariably ^ves rise to a well-marked diuresis, and this may be accom- 
panied by no change in the rate of blood flow or by a rise or fall. This 
last accompaniment is not infrequent, which proves that here again 
velocity of blood flow per sec. is not a pxe-impoitant factor. 

Fig. 5 is from an experiment in which the addition of normal saline 
caused a well-marked diuresis unaccompanied, however, by any change 
in the rate of blood flow. It will be seen that on the addition of 200 c.c. 
of saline the urinary flow increased from 3*8 to 8*4 c.c. per 10 mins. 
Lowering the arterial pressure from 140 to 98 mm. Hg did not prevent 
the urinary flow increasing still further to 10*0 c.c, per 10 mins. No 
change in the rate of blood flow was demonstrated. A further fall in 
the blood-pressure, however, was sufficient to lower both the rate of 
urinary flow and that of blood flow. 
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have shown bhat changes in the composition of the blood are also pre- 
eminently important in this direction when the blood-pressure remains 
constant, being often unaccompanied- by any change in the velocity of 
blood flow. We are therefore forced to the conclusion that the two physico- 
chemical factors which are of. primary importance in the causation of 



the flow' of urine are (a) the height of the arterial blood-pressure and 
(6) the chemical composition of the blood. Blood flow is a necessary 
accompaniment of secretion but is not to be regarded as a cause per se. 

We wish to express our indebtedness to Professor Starling for his 
help and advice throughout this work. 

The expenses of this research were defrayed out of a grant from the Government Grant 
Committee of the Eoyal Society. 


REFERENCES. 

(1) Starling and Verney. This Joum. 66. p. 353. 1922. 

(2) Richards and Plant. Amer. Joum. Physiol. 59. p. 144. 1922. 



THE INFLUENCE OF OXYGEN SUPPLY ON THE 

RESPONSE OF THE ISOLATED INTESTINE TO 

DRUGS. By LOUIS GROSS*, Beil Memorial Research Fellow, 
AND A. J. CLARK. 

(From the Pharmacological Laboratory, University College, London.) 

The isolated intestines of rnta and rabbits were used in the following 
experiments. These were suspended in the usual manner in Tyrode’s 
fluid. We found that cutting off the oxygen supply caused a lowering 
of the tonus of the gut although the pendulum movements continued 
unaltered, and that with the loss of tone the gut ceased to, respond to 
adrenalin and pilocarpine. 

A stream of air maintained the activity of the gut as well as a stream 
of oxygen, but the effects of cutting off the oxygen or air were not due 
to any meohanical effects, for the substitution of oxygen by a stream of 
nitrogen (Fig. 3) produced exactly the same effects as did the simple 
cutting off the oxygen supply (Fig. 1). When the supply of air or 
oxygen to the rat’s or rabbit’s gut is cut off, there is at first a slight rise 
in tonus and then a rapid fall. When the air is turned on, there is a slow 
rise of tonus (Fig. 2). 

■When the gut is relaxed by the lack of oxygen it is very insensitive 
to the action of adrenalin. Fig. 2 shows that adrenalin 1 in 25 million, 
which produces a strong effect on the normal gut, produces no effect 
on the relaxed gut. Fig, 5 shows that as the gut regains its tonus after 
oxygen lack it becomes progressively more sensitive to adrenalin. 

The failure of the asphyxiated gut. to respond to adrenalin might 
be due to its being in a state of maximum relaxation but the gut is 
equally insensitive to the action, of stimulants such as pilocarpine, as is 
shown in Fig. 4. This figure shows that pilocarpine in moderate con- 
centrations does not act on the asphyxiated gut, but that as soon as air 
13 introduced the pilocarpine acts and the gut contracts violently. The 
asphyxiated gut is not paralysed for it can respond to the action of 
stimulants acting directly on the muscle. Fig. 1 shows this in the case 
of potassium chloride, and Fig. 6 shows the same effect with barium 
chloride. 

1 Aided by grants from the hledical Research Council and British Jledical Association, 
London. 
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Fig. 1. Kg. 2. 

Kg. 1. Isolated gut of rabbit. Effect of increasing concentration of KCl from -02 % to 
•065 %. (1) Gut supplied with oxygen; (2) on asphyxiated gut. 

Kg. 2. Isolated gut of rabbit deprived of oxygen for a few minutes. Action of adrenalin 
(1) on asph 3 rxlated gut, (2) on gut supplied with air. 



Aih 

Kg. 3. Kg. 4. 

Kg. 3. Isolated gut of rat. Effect of replacing air by nitrogen, and action of adrenalin 
on asphyxiated gut. 

Kg. 4. Isolated gut of rat. Effect of pilocarpine: A. on gut supplied with oxygen; 
B, on asphyxiated gut. 


OXYGEN AND INTESTINE. 
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Asphyxia therefore appears to paralyse the sympathetic and para- 
sympathetic nerve endings in the gut long before the gut muscle itself 
is paralysed. This result agrees with the work of Gunn and TJnderhillu) 
who showed that the isolated gut, when kept for long periods, first became 
insensitive to parasympathetic stimulants, then to sympathetic stimu- 
lants and last of all to plain muscle stimulants. These workers also 
showed that the pendulum movements continued long after the nerve 
endings had become paralysed but that they ceased at the same time 
as the gut became insensitive to direct muscle stimulants. They adduced 
these facts as evidence of the myogenic origin of pendulum movements 
and our results support the same view. An examination of our tracings 
shows that the pendulum movements of the gut are not altered either 
in rate or extent at a stage in asphyxia when .the gut no longer responds 
to either adrenalin or pilocarpine. 



Fig. 5. Fig. 6. 

Fig. 5. Isalated gut of rat deprived of oxygen for a feu' minutes. Action of adrenalin with 
graduaUy ineteaaing air supply. 

Fig. 6. Isolated gut of rat. Action of barium on gut: A. when supplied with oxygen, 
A. when deprived of oxygen. The initial tonus of the gut in B was much lower than 
the inttiaf tonus in A. 

This paralysis of specific nerve endings by asphyxia was not observed 
in the other isolated organs tested, namely the uterus and heart. For 
example the isolated auricle of the rabbit is fairly rapidly afiected by 
lack of oxygen, the height and rate of the contractions being diminished, 
and this effect is produced even more rapidly if nitrogen is substituted 
for oxygen. The asphyxiated aruicle, however, responds to adrenalin 



460 


L. GROSS AND A. J. CLARK. 


and pilocarpine in tlie same manner as does the normal tissue. The effect 
produced on the gut by lack of oxygen appears therefore to he peculiar 
to this tissue. Apparently there are in the isolated gut two independent 
mechanisms, one regulating the pendulum movements and the other 
regulating the tonus. The latter mechanism is intensely sensitive to the 
action of adrenalin and pilocarpine for these drugs alter tonus in con- 
centrations far lower than those required to alter pendulum movements 
(Alvarez ( 2 )). Lack of oxygen paralyses the tonus regulation mechanism 
very rapidly and hence renders the gut insensitive to low concentrations 
of the above mentioned drugs. 

Evidence from other isolated tissues suggests that the sympathetic 
and parasympathetic nerve endings are not particularly sensitive to lack 
of oxygen. The effects observed with the gut can, however, be explained 
on the assumption that the tonus of the gut is maintained by the nerve 
cells in Auerbach’s plexus: for nerve cells are known to be very sensitive 
to oxygen lack. The results in this paper support the view that the 
pendulum movements on the other hand are myogenic. 

Conclusions. 

(1) Cessation of oxygen supply, or the substitution of nitrogen for 
oxygen, causes an immediate loss of tonus in the isolated intestine. 

(2) Lack of oxygen does not affect the pendulum movements of the 
gut for a long time. 

(3) Lack of oxygen causes in the isolated gut a great diminution in 
sensitivity to adrenalin and pilocarpine, but no corresponding diminution 
in the reaction to direct muscle stimulants such as potassium and banum. 

(4) These results support the view that the pendulum movements 
of the gut are myogenic, Wt suggests that the tonus of the gut is neuro- 
genic. 
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ON THE ACTION OF PHLORHIZIN ON THE KIDNEY. 
By E. B. MAYES. 


{From the Department of Pharmacology, Edinburgh.) 

Glucose is the most important diffusible substance in the blood which 
is completely held back by the normal Iddney. On Cuahny’s theory(i) 
of kidney action, the glomerulus and capsule are completely permeable 
to glucose, but the glucose does not pass into the urine because it is all 
absorbed by the tubule cells. Strong evidence for this \dew is afforded by 
Wearn’s demonstration (2) that in the frog injection of glucose is followed 
by the appearance of a reducing substance in the glomerular filtrate, 
though none may be present in the urine. A similar conclusion is arrived 
at by Clark (3) from perfusion experiments on the frog’s kidney. Further, 
in the albuminuria occurring in renal disease, proteins can sometimes be 
shown to have passed through Bowman’s capsule (4), and yet no glucose 
appears in the urine. It is difficult to see how the highly diffusible glucose 
can in such cases fail to reach the urine unless it is absorbed by the renal 
tubules. The diffusibility of sugar would also lead us to expect that injury 
to the kidney might cause the appearance of glucose in the urine, but 
the only condition in which this occurs from renal changes is imder 
poisoning with phlorhizin, in which there is reason to believe that the 
tubule cells are the site of action; if this consists in hindered absorption 
by them, the concentration of glucose by the Iddney after administering 
phlorhizin might approach that of a “no-threshold” substance (i), but 
could not exceed it. It seems desirable then to determine how far this 
occurs, and I have made some experiments on rabbits. Sulphate was 
chosen as the standard “no-threshold” body, in preference to emplo}dng 
the normal urea of the blood; because in the rabbit sulphate (which is 
practically non-toxic) is more completely “no- threshold” in character 
than urea (5); and intravenous injection of sodium sulphate has the 
additional advantage of ensuring the diuresis necessary for short experi- 
ments'. A similar method of investigation could be used for human 
subjects, and for that purpose urea, creatinine, or phosphate could be 
selected as the standard for comparison, and no injection would be 
necessary. 

The rabbits were given varying amounts of phlorhizin subcutaneously , 
in warm saline or dilute alcohol. The quantity injected was always fairly 
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has produced sufficient hyperglycajmia (about 0-5%) to make the kidney 
excrete glucose almost as effectively as if it were under the influence of 
phlorhizin; though with less diuresis and more time for re-absorption this 
might not have occurred. The narcotic hyperglycoemia of the first two 
experiments has not had this effect. It may be simply a question of 
degree, or perhaps part of the normal blood sugar exists in a form 
different from that of injected glucose ( 7 ), which may act to some extent 
as a foreign body. 

Previous investigations have shown that urea is less efficiently con- 
centrated than sulphate by the rabbit’s kidney (5). When a mixture of 
these substances is excreted the urine/plasma ratio of sulphate is higher 
than that of urea. It was found to be from 1-50 to 2-76 times as high in 
different experiments, and the average was 2-01 times. It is therefore 
necessary for the stability of the absorption theory to suppose that some 
urea is re-absorbed from the tubules by their lining epithelium, and this 
point should be considered in deciding the value of renal efficiency tests 
based on the concentration of urea by the kidney. Since the response of 
the Iddney to phlorhizin has also been used as a test for renal efficiency, 
it is of interest to see whether there is any theoretical advantage in 
employing this method. In pathological conditions of the kidney urea 
is often held back until it reaches a high level in the blood, and in tliese 
cases its concentration in the urine is low. The efficiency of excretion 
may be judged by comparing the percentages of urea in the plasma and 
urine, and observing the extent of their departure from the normal. On 
the absorption hypothesis urea retention is probably not due to inability 
of urea to reach the tubules, since the larger molecule of albumen can 
pass through the glomerular membrane, but to inability of the damaged 
tubule cells to avoid re-absorbing some of the urea in an attempt to 
concentrate it by removing water against its osmotic resistance. Phlo- 
rhizin has been found to produce less glycosuria in cases of nephritis (8), 
and has been used as an efficiency test on the ground that its effectiveness 
in causing excretion of blood sugar depends on the integrity of the renal 
epithelium. This is analogous to the retention of urea. After phlorhizin 
glucose should behave in much the same way as urea, and if the latter 
can diffuse back from the tubules into the blood the same assumption 


may be applied equally to glucose. 

In order to demonstrate the superiority of the phlorhizin test it would 
be necessary, in the first place, to show that when acting on the normal 
kidney phlorhizin can render glucose more completely “no-threshold m 
character than urea ordinarily is; and, secondly, to show that a dose 
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large enough, to produce a fairly constant effect in health would not he 
injurious to the subject of the test. Evidence has been obtained that a 
rabbit fully under the influence of phlorhizin can e.xcrete glucose slightly 
better than urea. The concentration ratio of urea was determined in 
Exp. 12, and was found to be 2-45. The corresponding glucose concen- 
tration ratio was 2-95. This difference is not of much importance, and as 
the normal human Iddney is probably better able to concentrate urea 
than that of the rabbit, one cannot conclude that there is any material 
advantage in using the phlorhizin test. As regards the question of 
dosage it can oijy be said that 0-1 grm. per kilo subcutaneously was not 
found sufficient to produce the maximum effect in the rabbit, and that 
this dose is relatively very much larger than has been given to human 
subjects imdergoing a renal efficiency test. Hence, unless the drug is 
given in excessive amounts, one cannot be quite sure that the kidney is 
in all cases under its influence to the same degree; and if too small a 
dose were employed, even the healthiest kidney could not be expected 
to concentrate glucose very much. 

Summary. 

A procedure has been described for measuring the effect of phlorhizin 
on the kidney of a'nimals. It is suggested that a similar method might be 
used for determining the efficiency of the human kidney in excreting any 
constituent of the urine; provided that one of the “no-threshold” 
substances is known to be excreted in a normal manner. The method 
described avoids uncertainty as to whether the concentrations observed 
have been influenced by diuresis, since both the standard and the sub- 
stance being examined are affected to the same extent. 

The nature of the renal mechanism for the retention of glucose has 
been discussed, and it has been shown that phlorhizin does not usually 
enable the Iddney to excrete glucose quite as effectively as “ no-threshold ” 
substances. 

The use of phlorhizin for renal efficiency tests has been criticised, and 
the dose usually given has been shown to be quite inadequate. 

All the results obtained are in accord with the absorption theory of 
the excretion of urine. 

The expenses of this research have been defrayed for the most part by a grant from the 
Moray Fund of Edmburgh University. 
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The U-Tube manometer test with relation to muscular exercise. 

By W. D. HAlfBLV nnd B A ilcSwiVEr 

In 1920= Flack published .m account of the U-Tube manometer 
test as one method of estimating the physical efficiency of Air Force 
pilots 

A modification ofFlack’s experiment was used for testing individuals 
before and after muscular exercise The pulse rate was taken for one 
minute, a column of mercury uas raised by expiration to a height of 
40 mm , and held there for twenty seconds, then the pulse rate was 
again taken for a minute 

For convenience in comparing the results of different individuals the 
difference between the two pulse rates was calculated as a percentage 

Tests were made every thirty minutes on men resting in the intervals 
between the tests On the following day heavy' muscular work (weight 
carrying) was performed in the same intervals 

Heated Subjects Worked Subjects 

^o change of pulse rate after test 161 pc of cases 14pc of cases 

Bise of pulse rate after test 34 8 ,, >, 0 7 ,, i> 

Fall of pulse rat© after test 40 1 „ „ 97 9 ,, ,, 

The above figures are based on 200 tests taken on thirty men, resting 
or doing the same t\ork It will be observed that in resting men a rise 
and fall occur indifferently but that after muscular exercise there is 
almost invariably a fall of pulse rate After rest the fall in. the pulse 
rate produced by the test has an average value of 0 5 p c After exercise 
the fall has an average value of 10 pc The latter fall is considerably 
greater than the probable erior of the mean value and certainly repre- 
sents an average physiological change produced by exercise The results 
of the test are fhirly constant for a given individual undei similar 
conditions but vary in amount and character m different individuals 
Observations in factories showed similar Jesuits 

* Working for “Industrial Fatigde Besearch Board ” 

2 Flack, SI. Med lies Counctl 1920 Spec Rep Ser 23 
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The rickets-producing effect of dried thyroid. 

By Edward Mellanby.'^ 


I have shown elsewhere . (ilfecZzca? Research Council, Special Report 
Series No. 61) that thyroid gland given by mouth to puppies has no 
antirachitic effect when added to a rickets-producing diet, although its 
stimulating influence on the metabolism is great. In more recent ex- 
periments this substance has been added to diets usually of a border- 
line nature which alone caused in some cases slight rickets, in other 
cases no rickets. The additional dried thyroid increased the rachitic 
condition. 

In the following series the dietetic constituents common to all were 
separated milk powder 7 grams, meat 10 grams, bread 50-160 grams, 


butter 10 

grams. 





No. of 

Thyroid 

CaHj {PO4)., 


Gain in 

Radiographic 

Esp. 

(dried) 

2HjO 

Duration 

weight, gms. 

result 

1497 

0-33 g. 

1-0 g. 

13 weeks 

1600 

Rickets 1 

1501 

0 

1-0 g. 

13 „ 

1930 

Nonnsl / 

]498 

0-33 g. 

0 

13 „ 

1240 

Rickets 

1499 

0 

0 

13 „ 

1950 

Practically normal 


In the following series separated milk powder 15 grams, meat 20 grams, 
lard 10 grams, orange juice, yeast and sodium chloride were eaten hy 
all animals. 


No. of 
Exp. 

Thyroid 

Bread 

Duration 

(468 

0 

180 g. 

12 weeks 

(469 

0-33 to 1-32 g. 

180 g. 

12 „ 

(481 

0 

90 g. 

12 „ 

1479 

0-33 to 1-32 g. 

90 g. 

12 „ 


Gain in ' Badiographio 

weight, gms. result 


3450 

2080 

1760 

1240 


Slight rickets 1 
Bad rickets j 
Practically nonnsl I 
Bad rickets / 


It will be seen that in each set of experiments the dog receiving the 
thyroid gland by mouth has developed the worse rickets. The potency 
of the thyroid in stimulating the metabolism is evident in the smaller 
increase in weight of animals receiving this substance. 
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A further point of interest is that the rickets-producing effect of the 
thyroid appears to diminish with advancing age. In general, puppies 
receiving thyroid show in course of time greater curative changes than 
those usually seen in dogs with the same amount of rickets when there 
is no alteration of diet or environment. 


A Keith Lucas Muscle Trough with modified electrodes. 

■ By A. C. Dowkinq. 

The electrodes of the usual Lucas muscle trough are apt to break, are 
difficult to mend, and allow the solution to escape along the tubes holding 
them. A modified trough has been made in which the electrodes consist of 
brass rods, held in holes above the level of the solution, in an elevation of 
the wall as in the figure, and furnished with silver-wire terminations for 
applying to the muscle or nerve. The silver wires may be used either as 
.non-polarisahle AgCl electrodes, or as ordinary polarisable ones, and they 
. can immediately be restored if broken off. 



The trough has been simplified by the omission of the second set of 
electrode holes, and the second set of terminals, and is appreciably simpler 
to manufacture than the older type. The terminals are used merely to 
hold the wires running from the stimulating coil to the electrodes, and 
not to make an electrical contact with them. 
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Hot wire record of rapid pressure vibrations in the carotid 
artery. By J. Orighton Bramwell* and B, A. McSwiney. 

In certain carotid records from cases of aortic incompetence the first 
wave of the hot wire sphygmogram instead of being represented by a 
simple deflection exhibits two or three peaks. These secondary peaks 
appear to be caused by vibrations set up in the artery by the initial 
shock due to the sudden discharge of an abnormally large volume of blood 
from a dilated and hypertrophied left ventricle into an arterial system 
in which the diastolic pressure is unduly low. They appear to be of the 
same nature as the notches on the upstroke of the radial sphygmogram 
described by Peil and Gildet(i). Similar systolic vibrations in the 
optical pressure records in the central arteries have been recorded in 
normal animals by Wiggers(2) and other observers. This abnormahty 
of the hot wire sphygmogram does not appear to be confined to cases 
of aortic incompetence, and has been recorded by us in certain other 
pathological conditions. We are, therefore, inclined to think that it is 
attributable not to the presence of any additional factor in these con- 
ditions but rather to an amplification of the vibrations which are 
normally present. 





1 Feil and Gilder, Eforl, 8. 1921. 

* Wiggera, Amer. J. Physiol. 66. 1921. 

♦ Working for the Medical Beeearoh Council. 
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An easy method of recording venous pressure. 

By E. J. S. McDowall. 

The method consists essentially of connecting the vein to a bicarbonate 
manometer recording directly on the drum by means of a hollow vulcanite 
float carrying a writer. The cannula used is of the ordinary arterial type, 
but of larger bore and of sufficient length to pass into the thorax or 
abdomen according to whether the femoral or the external jugular is 
used. For prolonged experiments the length is essential as with shorter 
cannulre the vein is liable to be kinked, while a minimrrm of dis.seotion 
is carried out that the vein may be maintained in its natural alignment 
by its own attachments Special attention is paid to the bevelling of 
the cannula in order that the opening be not directed against the wall 
of the vein. 

The manometer may bo a straight tube such ns a naiTOw burette, if 
it is convenient to have the animal on approximately the same level as 
the drum of the kymograph. A three-quarters saturated sodium bi- 
carbonate is used to prevent clotting and does no serious harm if a 
little gets into the animal. 

The float is bell-shaped, and may be made from a small fountain-pen 
cap made thin and air-tight. This will easily carry a light aluminium 
writer. 

Pressures from — 10 to 100 may be recorded easily and no serious 
difllculty is experienced in experiments lasting several hours. 

The method obviates the necessity of piston or bellows recorders 
which are liable to leak. 


The refractory period of nerve as measured by the electrical 
change in muscle. By B. A. McSwiney and S. L. MuoKtow. 

The refractory period of a nerve fibre is usually measured by re- 
cording the mechanical response in an attached muscle to two successive 
8timuli(t,2). Gotch and Burchp, 4) have shown that the refractory 
period can also be measured by recording the electrical change resulting 
from two such stimuU. 

We have measured the refractory period by recording the electrical 
response to two stimuli by means of a moving coil galvanometer{5) 
which has the advantage that the deflection of the galvanometer can be 
read off the scale without making photographic records. The experi- 
ments were made on the sciatic gastrocnemius preparation of the 
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frog by the usual method. If there is a very short interval between 
the shocks given by the opening of two keys of a Keith Lucas contact 
breaker, the total electrical change is the same as that produced by one 
maximal shock. As the interval increases the deflection of the galvano- 
meter becomes larger. The point at which the galvanometer reading 
commences to increase is taken as the refractory period. 

In frog muscles at 12° C. the refractory period of a nerve fibre in a 
number of experiments was found to vary betw^een -002 and -0025 of 
a second. These results agree with those obtained by other observers. 

The expenses of this investigation were defrayed by a grant from the Royal Societ}’. 

* Bramwell and Keith Lucas, Journ. of Physiol. 42. p. 495, 1911. 

- Adrian and Keith Lucas, ibid. 44. p. 68, 1912. 

5 Gotch and Burch, ibid. 24. p. 410, 1899. 

^ Gotch, ibid. 40. p. 267, 1910. 

® McSwiney and Mucklow, ibid. 56. p. 397, 1922. 


Effect of rise of blood pressure on the form of the electro- 
cardiogram. By G. N. Langley, B. A. McSiviney, S. L. Mucklow, 
J. B. Stoppord and S. R. Wilson. 

These experiments were done to show what change, if any, could be 
demonstrated in the form of the electrocardiogram as the result of 
suddenly raising the blood pressure to a considerable degree. 

The methods adopted were (1) to clamp the aorta immediately above 
the diaphragm. The blood pressure immediately rose by 29 mm. Hg. 
and on relaxation of the clamping fell again to normal. The form of 
the electrocardiogram before, during, and after showed no change; 
(2) the intrathoracic pressure was raised and maintained for a short 
period by insufiiation. The blood pressure fell by 48 mm. Hg. and re- 
mained down; on relaxation the pressure immediately returned to 
normal. Electrocardiograms before, during, and after insufflation proved 
to be identical. 

These experiments were performed as prehminary to investigation 
of the effect of intravenous injection of adrenalin; and to ivhatever 
cause the profound electrocardiographic changes may be due, it seems 
clear they do not result from pressure changes alone. 

This work is proceeding and it is hoped in the future to make a 
further communication. 

The expenses of this investigation were defrayed by a grant from the Royal Society. 
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Indirect electrocardiographic leads applicable to children and 
experimental animals. By 6. N. Langlev, B. A. McSwiney, 
S. L. Mucklow, J. B. Stopfobd and S. R. Wilson. 

These were devised so as to be equally useful in any position of the 
electrodes and have chiefly been used by us for Lead 2 electrocardio- 
grams in animals under anmethesia. 

The limbs are thoroughly rubbed with 5 p.c. salt solution and then 
enveloped’in gamgee tissue soaked in the same. The enveloped limb is 
now packed into a porous pot which in tuni is wrapped with more 
gamgee tissue soaked in zinc sulphate solution and including a zinc 
rod as used in a Leclanchd cell. The whole is now contained in an 
earthenware jar. 

The gamgee tissue should not be sufficiently wet to leak when the 
pot is laid on its side. 

These electrodes are completely non-polarisable and can be used in 
any position found convenient, the on!}' necessary precaution being to 
prevent their rolling. 

They have been found equally convenient for taking clinical electro- 
cardiograms from very young children. 

A new time signal. By R. J. S. McDowall. 

The signal was specially designed to permit of several being placed 
one above the other with a minimum of space intervening. It is on the 
principle of some of the large commercial magnets. The cores are pro- 
longed beyond the coils and bent as required. It is made by Hawksley 
and Sous. The drawing shows actual size. 
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A small A.C. dynamo for variable ftequency stimulation. 

By A, C. Downing, 

A small A.C. d 3 naamo (part of a pedal-cycle lighting set) was fitted 
with a l-inch pulley grooved out to take a rubber band. Mounted on a 
rigid stand the dynamo — which has ball-bearings and is perfectly 
balanced — was driven by the band being brought in contact with a re- 
vblving flywheel, the ratio of speeds being 9:1. Friction between band 
and flywheel was sufficient to allow the attainment of any, desired 
velocity, without the troubles attending the use of a belt at high rotational 
speeds. 



No. 1, 1’5 stimuli per sec.: No. 2, 0 per sec.: No. 3, 78 per sec.: No. 4, 1200 per Bee.: 
No, 5, 1542 per sec. No. 5 shows an initial twitch followed by complete inhibition. 


The dynamo develops about 4 volts and about 5 watts at (and above) 
3000 r.p.m. : at low speeds the e.m.f. and output are less, but sufficient 
to stimulate a nerve down to quite low frequencies (e.p. 1|- times per sec.). 
There are three complete cycles, i.e. six shocks, per revolution, and it is 
possiole to stimulate a nerve over the complete range 1*5 to 2000 shocks 
per seq. If required a small transformer may be used at all but the lowest 
speeds] to increase the e.m.f. 

In me figure five different frequencies of stimulation are shown: the 
highest^ut one shows a partial oncoming inhibition, and the highest a 
complet^nhibition — following the first twitch — resulting from a pro- 
longed stijnulus. 
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The constancy of the ratio c.H to p . COjv . COj In. blood 
of varying hcemoglobln content. By Ruth E. Conway and 
Doris M. Thomas. 

A series of nearly fifty experiments have been made on hlood in order 

to ascertain whether!: in the equation c.B^— = is constant for 

varying percentages of hmmoglobin present in the blood, and for varying 
p.COj. Here 

c.H represents the H ion concentration, 
p . CO 5 the pressure of carbon dioxide in mm., and 
V. COj the volume of combined COj, in 0 c. per cent. 



JD , ^ 

p L u^ -im. 'mna of 


Defibrinated ox blood of known hemoglobin peioentage was treated 
With 0*5 sodium fluoride and exposed for at least two hours at 15° C. 
to a known pressure of CO,. The latter was estimated by the Haldane 
gas analysis apparatus, in a sample of gas taken from the tondmeter 
after equilibration with the blood, and corrected to represent the pressure 
which the same concentration of gas would have exerted at 0°C. The 
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values of c.H were obtained by the method of “ dialysis ” at room tempera- 
ture, and corrected to represent the c.H at 15° C,, using the correction 
suggested by Cullen, which in effect means subtracting 2'3 % from the 
observed c.H for every 1 ° C. aboye 16° 0. The volume of combined pOj 
was obtained as follows. The total CO 2 contained in the blood was 
observed by means of the Haldane blood gas analysis apparatus, and 
reduced to n.t.p. The CO 2 dissolved in the blood was subtracted : the 
latter was obtained by applying Bohr’s factor, and employing a tempera- 
ture coefficient of solubility the same as in the case of water. 

By these methods k does not appear to be a constant figure as p . CO 3 
varies, but decreases as p . COo rises. By plotting k against p . COj it 
will be seen from the figure that 

i. blood anaemic within the range of 50-60 Hb, 

ii. normal blood, i.e. 90-100 % Hb, 

iii. blood rich to excess in Hb, 114-150 % Hb, 

are indistinguishable from one another, the readings especially within 
the range of 30-55 mms. pressure of COg being mixed indiscriminately 
with one another. Within this range A? is a reasonably constant figure, 
but readings above and below these limits of p.COj indicate very 
definitely a variation of k with p . CO 2 . 
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The time relations of the isometric twitch. By E. D. Adrian. 

Investigating the isometric twitch of the frog’s sartorius Hartree 
and Hill(i) find that an alteration in the strength of the stimulus causes 
a change not only in the maximum tension developed, hut also in the 
time relations of the twitch. With a strong stimulus they find that the 
muscle relaxes more rapidly than with a weak, and they point out the 



0 ty of explaining this if each fibre contracts on an all-or-nothiug 
asis. possible explanation is supplied by the fact that their stimulating 
^ec ro es were placed one at the tibial and one at the pelvic end of the 
Me e. vith this arrangement a weak stimulus would take effect at 


h 
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the -kathode at one end of the muscle, and the wave would travel its 
entire length before the twitch came to an end. A strong stimulus might 
take effect on the nerve endings -and nerve fibres in the middle region 
of the muscle and the wave of contraction would then spread out in both 
directions, so that the twitch would be Over in a shorter time. A corre- 
sponding shortening of the electric response was found by Adrian and 
Owen (2) when the sartorius was stimulated by way of its nerve instead 
of by electrodes at one end. 

I have tested this suggestion by photographing the isometric twtch 
of a sartorius muscle with an optical lever magnifying about 400 and 
ha^fing a periodicity of about 250 a second. The muscle was stimulated 
with break shocks of different strength by electrodes placed (a) at either 
end of the muscle, (6) both at the pelvic end and (c^ both on the nerve. 
If the suggestion is correct we should find the change of form' present 
with arrangement {a) where the point of incidence of the stimulus can 
shift from muscle to nerve, but absent in (6) or (c). The figure shows three 
sets of curves from one muscle and it will be seen that the effect is present 
only with arrangement {a). The same effect was present in eight out of 
nine experiments with electrodes arranged as in (a), with (c) there was 
no sign of it, with {d) a small change was present in two experiments. 
In the figure with electrodes at either end of the muscle the slow curve 
shows a lag of •015--02 sec. over the rapid; this imphes a slow rate of 
conduction in the muscle, but one which agrees well with the difference 
in the time relations of the electric response shown by Adrian and 
Owen. 

These results suggest that the change in the form of the twitch 
depends on an arrangement of electrodes ’which allows the point of 
stimulation to alter as the strength is increased. If this is so, the effect 
is quite compatible with an all-or-nothing response at each point in the 
muscle -fibre. 

In more complex muscles some other cause seems to produce changes 
in the form of the twitch according to the number of fibres in action. 
In the gastrocnemius stimulated via the nerve the submaximal contrac- 
tion is sometimes longer and sometimes shorter than the maximal. The 
change seems to depend on the number of fibres in action and not on 
the\trength with which they are stimulated, for it occurs when t e 
submaximal contraction is produced by a maximal stimulus limited to 
one neiwe root. 

(1) Har tree and Hill. Joum. of Physid. 55. ]}■ i03. 1921. 

V (2) Adrian and Owen. Ibid. 55. p. 329. 1921. 
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On an enzyme responsible for alteration of the rotatory powers 

of glucose and fVuctose, By L. B. Winter and W. Ssiith. 

In a paper shortly to he published we show that the normal blood 
sugar in man and animals has a lower rotatory power than would be 
given by the a-§ eq^uilibrium form of glucose as deduced from the copper 
reducing power. We also show that this sugar is almost, or entirely, absent 
from the blood of persons suffering from diabetes meUitus; and it is sug- 
gested that in normal subjects an enzyme is responsible for the conversion 
of a-j3 glucose into normal blood sugar; the absence, or inactivation of 
this enzyme is suggested as the direct cause of the disease. 

We have e.\'amined tissue extracts to determine the seat of formation 
and conditions of activity of the enzyme. The liver would appear to 
contain the enzyme. We have confirmed the observations of Hewitt 
and Pryde(l) that extracts of the intestinal mucous membrane are in- 
active in this respect. The enzyme appears to be almost inactive in the 
absence of an extract of the pancreas. 

The extracts of pancreas which we have recently used are preparations 
of ‘Insulin’ obtained by Collip’s methodic). Similar activation of the 
enzyme is obtained. 

Solutions of glucose or fructose when incubated at 37° C. with very 
small amounts of insulin and liver extract in a jacketed polarimeter tube 
have their rotations altered in a downward and upward direction respec- 
tively. In view of the fact that our insulin preparations invariably 
contain phosphate, it is noteworthy that addition of phosphate accelerates 
the reaction to a degree not obtained by the use of other salts. Phosphate 
buffers have therefore been employed. Boiled liver extract is inactive, 
whereas insulin would appear to be thermo-stable in this respect. Our 
insulin preparations were tested for activity on rabbits. 

The copper reducing power of the sugar solution at the beginning 
and end of the reaction is unaltered. The reaction is therefore different 
tom that described by Levene and Mayer( 3 ) in cormection with 
muse eand pancreas extracts, in which the copper reducing power was 
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The automatic integrating katathermometer. 

By E, H. J. Schuster and H. C. Sayer, 

This instrument is a modification of Leonard Hill’s katathermometer. 
Its objects are to heat the bulb {K) of the katathermometer to 100° F., 
to allow it to cool to 95°; then immediately to re-heat it to 100", again 
to allow it to cool to 95°, then to re-heat it and so on indefinitely ; also 
to record the total length of time in seconds during which it has been 
cooling and the number of times which it has been allowed to cool. The 
total cooling time divided by the number of cooling periods between 
two successive readings of the instrument gives the average number of 
seconds in one cooling period. If the number of seconds thus arrived at 



Diagram of Circuits. 


is divided into a factor determined for the particular instrument, the 
cooling rate in millicalories per square centimetre of bulb surface is 
obtained ; this is the measure of the cooling power of the air in the 
units usually employed for katathermometer cooling powers. 

The liquid in the bulb of the instrument is toluol ; below the toluol 
is a ih^jcury seal which extends round the bend of- the capillary tube 
and up into its shorter limb. Platinum _wire.s_are fused into the shorter 
limb at p^ts P, 0 a nd N. T h^-'mercury is at point 0 at 96° F., and at 
point N at\a0'57'The diagram represents the electrical connexions 
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when the mercury is rising from 0 to N. Current flows between the 
mains by the circuit A, G, H, E, I, *T, R, E- In the bulb IC it passes 
through a loop of resistance wire from which the necessary heat is 
conducted into the toluol. -While the current is flowing through this 
path the mercury continues to rise until it reaches the point E , when 
the circuit A, 6, MZ, P, E, L is closed owing to the mercury coming 
into contact with the platinum wire at E. 

At M3 is an electromagnet, which, when the current passes through 
it, attracts its armature and thus breaks the connexion R, J. The 
heating of the bulb therefore immediately stops and the mercury starts 
to fall again. At the same time the connexion R, Q is established which 
is a link in the circuit A, 0, At3, P, 0, Q, R, L. This maintains the 
current through the magnet M3 and thus prevents the connexion at J 
being re-established until the mercury has fallen below the point 0. 
When it has fallen to that level, the circuit through the magnet is 
broken and the heating circuit is re-made and the mercury starts to rise 
again, repeating the same cycle of operations indefinitely'. 

The recording mechanism is operated in the following manner: When 
connexion is established between Qand R, the current flows through the 
magnet Mi by the path A, 0, M2, Q, R, L. The armature lever therefore 
moves towards the magnet. A pin at the end of it works in a slot in 
the arm of the Veeda counter C2. Thus by the movement of the lever 
an additional unit is registered on the counter. As the lever moves 
towards the magnet at the beginning of each cooling period and away 
from it at the end of the period, the counter C2 registers the number 
of periods. 

A further effect of the movement of the lever is to establish a 
connexion between E and F which is a link in the magnet circuit 
A, B, Ml, D, E, F, 0. At point D connexion is made or broken every 
second. In tbe experimental apparatus exhibited, a metronome was used 
for the purpose. Thus when the connexion -ff, jP is made, the armature 
lever of the magnet il/1 moves backwards and forwards once every second. 
It works the Veeda counter (71. As the connexion F is onlj' made 
while the katathennometer is cooling, the counter Gl registers the 
number of seconds of cooling time. 

It* should be mentioned in conclusion that the proper distribution of 
current in the various circuits is effected by adjusting the lamp re- 
sistances, the lesistances of the magnets themselves and the shunt 
resistances between points A and G and (? and L. The instrument could 
be readily adapted to work from accumulators. 
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red writing ink) and runs up to the pen point A by capillary attraction, 
The amount of ink which leaves E governs the thickness of the line 
inscribed, and can be regulated by closing the hole in the flame. If the 
dimensions of the pen are such that the level of the ink in E is below the 
the point A in every position of the lever (Fig. 2), blots are not formed, 



Fig. 1. 

the ink only rising when the pen is moved over the paper. The canying 
arm DB is cemented to the pen proper at B with some fusible cement. 
The hinge H is made from capillary tubing^ just large enough to take 
DF by drawing slightly conical capillary tubing and breaking it ofi imti 
the right diameter is reached. The carrying arm is bent in such a direction 

^ Cf. Sherrington writing point for heart levers. 
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that the friction of the drum against the point tends to carry DF into 
the hinge (the arrow in Kg. 1 shows the direction of the movement of 
the' drum). The pen can be used for lateral writing when it can be made 
very much smaller, the hinge and carrying arm can be discarded and 
the pen attached to a flexible mount such ns the Bayliss hinge. For 
the dimensions of the pen given in Fig. 1 the error of the line inscribed 
as compared with the are are described by the hinge H is less than 
1-0 mm. when the lever moves from 10° below the horizontal to 20° 
above, and when H is not further than 1 cm. from the drum with the 
lever horizontal. The same applies to the relationship of the vertical 
distance through which H moves. The error is of course the same as for 
a writing point made on the Lovatt Evans model in which the distance 
from the hinge to the writing point is the same as the distance HA in 
this pen. 

The nearer the hinge H is to the drum with any form of frontal lever 
the more accurately the line inscribed on the drum represents the are 
described by the hinge, as can be shown by quite simple graphic methods. 
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produces a decrement in conduction which increases progressively. The i 
determination of the recovery curve is clearly a valuable method of I 
testing the effect of any agent on the conductivity of the nerve ending. J 
The success of two stimuli after one has become ineffective is no doubt i 
due to the supernormal phase of recovery. A second impulse occurring 
O'Oll sec. after the first would be of greater size and so would stand less 
chance of extinction. . 

The curare-like action of certain NH4 salts has been known for some t 
time (cf. Hofra eister*), but it seems to us to depend on a special action ; 
of NH4OH or NB[4 ions rather than on its COj-binding action, since we i 
are unable to confirm Mansfeld’s results with NaOH and NaoCOj. t 



The inception of the coagulation of human blood. 

By J. W. Pickering. 

The appearance of filaments in human blood within ten seconds of 
its issue from a wmmd was described by BuckmasterP). AddisP) 
confirmed these observations; but did not regard the threads as examp es 
of coagulation, a considerable time having elapsed between their forma 

» Hofmeister. Arch.f. exp. Path. u. Pharm. 16. 1893. 
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tion and that of a typical clot. From experiments on cataphoresis, 
Howell{3) distinguished two stages in the clotting of fibrinogen by 
thrombin, first the formation of a delicate membrane, later the appearance 
of a gelatinous clot.- Pickering and Hewitt(4) found reversible gels, 
prior to clotting, in blood shed under oil. 

The writer’s blood was obtained from punctures in the skin. The 
room temperature was 17® to 18° and the air was kept humid by jets of 
steam. Under these conditions, filaments were formed on the surface of 
the blood exposed to air, within 15 or 20 seconds after the bleeding. 
When these threads were immediately removed by a needle coated with 
paraffin wax and at once placed on a paraffined slide they were found to 
dissolve in tap water at room temperatures. When the filaments were 
removed by an uncoated steel or glass needle they did not dissolve in 
tap water. Threads remaining in the blood for 50 seconds, or longer, 
after detection by passing a paraffined needle through the blood, either 
failed to dissolve, partially dissolved or dissolved with difficulty. The 
first alternative was the more common. Failure to obtain solution of 
the threads usually occurred when the blood was shed in a room with 
a relatively dry atmosphere. The threads found in blood obtained by 
again pricking a puncture which had stopped bleeding were insoluble. 
These observations indicate that the commencement of coagulation may 
occur earlier than is commonly recognised and point to the initial phase 
of that process being reversible, even when the blood has, for a short 
time, been in contact with air and damaged tissues. It would also appear 
probable that what are commonly described as the pre-clot changes in 
blood are concomitant with the formation of films or filaments. It is 
difficult to regard the phenomena described as due to the rapid formation 
of thrombin, it being known that blood immediately shed into alcohol 
does not yield that coagulant. The observations of Ramsdencs) may 
be recalled that, apart from the effects of evaporation, solid or highly 
viscous coatings are more or less rapidly formed on the free surface of 
all protein solutions. Thus is a physical interpretation of the inception 
of coagulation indicated. 
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period, some of the corpuscles appeared swollen and spherical but the 
majority were apparently normal. The gum-saline thus protects erythro- 
cytes from the action of X-rays. Control experiments showed that in 
the absence of irradiation haemolysis was absent, a few crenated cor- 
puscles were found in the suspensions in either Locke-Einger solution 
or in normal saline hut crenation was absent when isotonic gum-saline 
was used. The addition of -25 p.c. of sodium citrate to either the 
irradiated suspensions or to those not irradiated did not modify the 
results. The gum acacia used contained ionised calcium and experiments 
are in progress to ascertain whether the protective action of gum-saline 
may be assigned to the presence of calcium salts. 
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Some new aspects of the fhnction of the skin in temperature 
regulation. By W. A. Osborne. 

I have shown {Journ. Phys. 41, p. 345. 1911) that the skin is to he 
regarded as a gel containing water of imbibition. Evaporation of this 
water can occur independently of that of sweat and, when the air is cold, 
dry and in rapid movement, such evaporation of water may be contrary 
to the metabolic requirements of the body and may alter the texture 
of the skin. Such actions are probably the cause of the discomfort 
produced by the east wind in N.W. Europe. 

Concentration of Salts on the Skin’s Surface. It is well known that 
after immersion in water the outer epidermis swells and becomes 
furrowed. In this state the skin gel has imbibed fluid and has expanded. 
If the hands are held in isotonic salt solution a similar change occurs. 
This is not due to the absence of protein from the salt solution for, if 
the hands are held in ox blood, swelling and furrowing of the skin also 
occur. The change in the skin can only be prevented by greatly 
increasing the osmotic pressure of the salt solution. In the experiments 
I have made it was not till the solution contained 10 p.c. of sodium 
chloride that the skin remained normal after being immersed for an 
hour. Now sweat is a hypotonic fluid and might be thought to produce 
swelling of the epidermis but, owing to surface evaporation, there is 
considerable concentration. Indeed in some climates it is surpnsing 
that there is not crystallisation on the skin surface. The absence of 
such may be due to the presence of small amounts of calcium salts or to 
organic matter. 
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Cold and Moist Air. The uncomfortable feeling caused by cold 
moist air is attributed, so far as any explanation has been given, to the 
moist air being a better conductor of heat than dry air. This cannot, 
however, be the correct explanation, for the diathermic properties of all 
ordinary gases and mixtures of gases are very close to each other. The 
cause I take to be that in moist air there is a partial equilibration of the 
skin gel with the vapour pressure of water in the air leading to a 
swelling and to a diminution of the small air spaces. The swelling is, in 
fact, detectable with a strong lens or with a low power of the microscope. 
As a result of this diminished air enclosed between the epidermic scales 
the conducting power of the skin is increased. 

Oiling the Skin. Oiling the skin is a common practice in tropical and 
sub-tropical climates. It is held to be protective when the wind is hot 
and dry. No satisfactory explanation of its protective power has been 
advanced. I have not found that it has any material action on the rate 
of evaporation. Possibly its effect may be due to the oil filling up t e 
air spaces between the epidermic cells and so increasing conduction 
when the air is below body temperature. 


Some observations on colour blindness. (Prelimmary 
Communication.) By H. B. Eoaf. 

In order to study colour vision the following method has beffl 
An outline diagram is coloured by water colour paints, an an in 
known to be colour blind is furnished with a similar lagram an 
same paints. The subject is told to test the coloms on a P'® 

paper and to fill in the diagram to correspond to ® ® failed to 
supplied. It was expected that if the colour bhn m ivi 
recognise any region of the spectrum he might omit that reg o 

i. .a™ -k.™ » » -s* "Srri a. 

The original and copy are compared, u g . f colour 

two appear to be matched. By spectroscopm ef®"™ 

screen the amount of 'xamp'les" Lve been studied and 

By this prelirmnary cutting ofi more or less of the 

in all of these the diagrams matche accentuated the 

red of the spectrum whilst outing that the individual cannot 

differences. It must be ’ trum but only that he fails to 

be said to be blind to the red of t P 

. . TU Shabby, of Umven,ityCoUese.CarfrB, for Ihnko of 

^ I am indebted to Capt. J. H. Sn > 
examples. 
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differentiate it from otter colours. Actual blindness to that region would 
cause shortening of the spectrum, which is not usually the case. 

Examination by colour screens does not give sufficiently accurate 
information as to the region of the spectrum affected, so a colour lantern 
of the type shown before this society by Prof. A. W. Porter, P.P.S., is 
being assembled. With it it may be possible to discover the region and 
extent of the spectrum, removal of which allows the diagrams to be 
matched. 

The results obtained up to the present suggest that with impure 
colours the eye performs a spectrum analysis and that the colour blind 
individual fails to recognise the full effect of a portion of the spectrum 
unless aided by other factors such as texture or shade. 

I am publishing this communication in the hope that I may hear of 
further cases of colour blindness for similar study. 


A simple myocardiograph. By 0. Inchley. 

This consists of a receiver and recorder connected by tubing. The 
receiver (Fig. 1) is a small drum, the opposite drumheads being pressed 
upon by levers attached to the heart. The body of the drum is made of 
aluminium sheet bent in the form of a hoop ; it is one cm, in depth 
and four cms. in diameter. The ends of the strip are held between two 
shaped pieces of cork which are pierced by a short length of glass tube. 
These are all tied together with string or fine wire and sharp points are 
smoothed away or covered -with adhesive strapping and French chalk 
applied. The whole is now inserted into a condome. The membrane is 
adjusted to leave the tambour areas smooth so that the folds occur over 
the metal hoop : the membrane is fixed in position by a few turns of 
string round the outer cork, and tied round the glass tube above. The 
levers are carried by another cork impaled by the glass tube; .this cork 
has two small glass cubes tied to it, through which the aluminium wire 
levers (gauge about; 19 B.W.G.) are passed and shaped as in the figure. 
The wires pass through cork tambour-pieces two cms. in diameter at a 
distance of half a (un. fi-om the membrane. The cork should project so 
as to be easily held Securely by the fingers when bending the lever-ends 
for adjustment to the heart. The wires are lashed together below with 
fine brass wire, coattp with Prout’s glue to "which a needle, about No. 9 
size, is fixed. The if ceiver is supported by rubber tube in the manner 
shown in the figure $hus allowing freedom of movement* Adjustmen 
of receiver is m'^e by bending the wire levers till the points are 
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at the distance to give the necessary tension. The membranes should bo 
under slight tension. 

The recorder (Fig. 2) is made by passing a glass tube about five 
millimetres internal diameter eccentrically through a rubber stopper 
four cms. in diameter and one and a half cms. thick. A condome is 
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shown in the figure. Below the rubber stopper the glass tube carries a 
cork which bears a vertical darning needle, No. 4 size. Through the eye 
of this a fine sewing needle, bent in the fiame, is passed. To this a fine 
silk thread is tied, the free end of which is wrapped about the end of the 
aluminium wire and held by plasticine. The point of the needle carries 
a small cork which serves to hold the light lever. The apparatus is 
supported below. The lever is adjusted by sliding the cork carrying the 
darningneedle. The membrane, being applied without tension, is stretched 
upward by the av eight of the lever, so forming an air-space beneath. 

The instrument, calibrated by calipers, shows that under ordinary 
tension movements of the receiver produce uniform movements in the 
recorder. 
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Some evidence for the exlatenoe of polysaccharides in the blood 
of diabetics. By L. B. Wikter and W. Smith. 

The results of previous observations on diabetic blood, in uhich the 
polariraetric value o^as greater than tbo copper reduction value reclroped 
as a-|3 glucose, suggested that besides a-^ glucose and a trace of 7 
glucose, disaccharides might be present. 

We have since investigated further ciises of diabetes mellitus. Wc 
have confirmed the fact that in every case examined the ratio polari- 
meter to copper reduction value is higher than that given by glucose. 
The final sugar solution was subjected to acid hydrolysis, each sample 
was divided into two portions, the one was boiled with dilute acid for a 
short time, the other was boiled with stronger acid for a considerable 
period. In the first case there was always a large rise in the dextro- 
rotatory powers of the solution with little change in the copper reducing 
power, whilst in the second case, the copper value and polarimoter were 
as for a-fi glucose in equilibrinro. 

We suggest that in diabetic blood, besides varying amounts of a-,8 
and 7 glucose, there are complex sugars which are readily hydrolysed 
into simpler components, hut which require prolonged treatment before 
they are resolved into a-(3 glucose. We have found that in some e.xperi- 
ttients on which we are at present engaged hydrolysis of the blood sugar 
of animals under certain conditions gives results comparable to those 
obtained from the blood of diabetic persons. 

After injection of insulin the blood sugars of diabetic persons undergo 
a considerable change in their relative proportions', hydrolysis of the 
na product for a short period results in little if any increase in the 
polanmetet to copper ratio. The case which showed the least change 
WM that which appeared to have benefited most from the insulin, as 
W iflitiai polarimetric reading before hydro- 

eluc copper reducing value calculated os o-,8 
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A wet spirometer. By J. G. Woolham. 

The wet spirometer consists of a metallic box which has two inlet 
pipes, one for air (/) which is blown into the spirometer to be measured, 
the other (W) for water which is run into the box to within one half inch 
of the top; the box has one outlet pipe (P) for the Avater which is 
displaced by the air Avhich is blown into the box. 

The box measures 13" by 13", top and bottom, and it is 4" deep. 



The air inlet pipe (I) is situated at one of the corners of the top of 
the box, it stands erect to a height of 2", it has bore. 

The Avater inlet pipe (TF) is placed at the centre of the top of the 
box, the pipe extends to the bottom of the box Avhere it is soldered, an 
it projects 1" above the top of the box. This Avater inlet pipe acts as a 
stay inside the box, it is soldered to the bottom and also where it per 
forates the top; it is perforated by tAvo large openings in the portion o 
the pipe inside the spirometer. When in use a tube at the bottom o 
the measuring vessel (to be described later) fits inside the Avater in e 
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and water is run from the measuring vessel into the hox. When air is 
being blown into the spirometer the water inlet is plugged. The box 
cannot be filled to the top because the water outlet is placed so as to 
prevent the water attaining a higher resting level than within of 
the top. 

The water, when it is displaced by air, leaves the box by a rectangular 
orifice, 2" by J", in the side of the box which is farthest away from the 
air inlet; one of the longer sides of the rectangular orifice rests upon the 
edge of the bottom of the box. 

The tube which conducts the displaced water is rectangular in section 
and measures 2" by This tube stands vertically touching the outside 
of the box with the plane of its upper orifice parallel to the side of the 
box. The sectional area of this tube is one square inch along all its 
length, but the upper end opens into a tube of much larger sectional 
area so ns to avoid syphonage. The latter tube is fixed at a right angle 
to the former, and the outlet of this latter pipe is a short tube opening 
downwards so that water may be run into the measuring vessel which 
is placed underneath. 

The measuring vessel is cylindrical in shape, its diameter is 6'28'' 
and its length is 11". There is a pipe in the centre of the bottom of the 
vessel which is small enough to fit inside the water inlet of the spirO' 
meter box and after the displaced water is measured in the vessel it is 
relumed into the box. Each millimeter of the length of the measuring 
cylinder wetted represents 20 c.c. of the water which is nearly the volume 
of the air which displaced the water. 

The pressure of the air inside the spirometer increases with the drop 
m the level of the water in the gauge (i) and a correction of the volume 
of air, corresponding to the head of water, may be made. 


An analysis of the factors underlying the mechanical efficiency 
of human muscular movement. B}' H. Lupton. 

The total energy liberated in the isolated frog’s muscle as a result 
of a stimulus of duration x secs, (the complete cycle of activity and 
recovery being considered) was expressed(i) in the form 
Q = 2'5Tr,(l+6x). 

The first term — 2'51fo — represents the energy expenditure as the 
result of thS setting-up of a state of potential energy IE,: the second 
term — 2’5 61f'o« — represents the energy used as a result of maintaining 
a state of potential energy Wn for a time x secs. The value of the 
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The free acid causes epithelial desquamation and other signs of 
inflammatory reaction. 

Triolein absorption is free from irritating effects and the histo- 
chemical picture is distinct. 

In view of the possibility of the formation of glycerol from glucose, 
mixtures of oleic acid and glucose and of mannitol olein have been fed 
to frogs. 

The presence of the sugar prevents the inflammatory effect of the 
oleic acid and delays to some extent the staining of the intracellular 
fat globules. 

The relation of pituitary extract (infhndibular lobe) to the fall 
of blood sugar produced by insulin. By J. H. Burn. 

Having previously observed that large doses of pituitary extract 
were able to inhibit a hyperglycaemia produced in normal rabbits by 
(1) adrenalin, (2) other anaesthesia, I'performed experiments to see 
whether an injection of pituitary extract in any degree intensified the 
fall of blood -sugar produced by injections of insulin. 

The following results were obtained : 

1. So far from intensifying the fall produced by insulin, a simul- 
taneous hypodermic injection of pituitary extract either reduces, or 
abolishes, or replaces by a rise of blood sugar, the fall due to insulin. 

2. This effect is apparently due to one or other of the active principles 
of infundibular extract, as it is not produced by similarly prepared extracts 
of thyroid, thymus, spleen or brain tissue, nor is it produced by histamine. 
Moreover, this action of pituitaiy extract is destroyed by such treatment 
with normal alkali as destroys the active principles without otherwise 
altering the extract. 

3. The doses of pituitary extract used do not themselves produce 
more than a slight rise of blood sugar. 

These results recall the experimental and clinical evidence of 
Cushing and his co-workers, that in cases of pituitary insufficiency 
there is a raised carbohydrate tolerance. 

A correction of the value for the heat of combustion 
of glycogen. By W. K. Slater. 

In considering the mechanism of muscular contraction by means ^ 
measurements of the heat evolved jn various phases of an isom 
contraction, and the chemical investigation of the intra-muscular c anges, 

\ 
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it became necessary, in order to correlate the results, that the heats of 
combustion of glycogen and lactic acid should be accurately known. 

The heat of combustion of lactic acid in the dissolved state has been 
determined with great care by O. Meyerhof. In the case of glycogen 
two determinations have been made, one by Emery and Benedict 
and the other by Stohmann and Schmidt. Both these results give 
the heat of combustion of solid glycogen in an uncertain condition of 
hydration. 

The present work was undertaken in the first place, to ascertain the 
order of magnitude of the correction required in the above determina- 
tions for heat of solution and wetting. 

The glycogen was obtained from sea water mussels, and purified by 
boiling with 30 °/o caustic potash, and repeated precipitation with alcohol. 
After the last precipitation the glycogen was freed from alcohol and 
water, by distilling with anhydrous benzene after the manner described 
by Atkins. A rapid grinding in a mortar reduced the, resulting coarse 
powder to a fine white amorphous material, which contained only a trace 
of ash and nitrogen and was free from fat. An ultimate analysis gave 
C = 39’7%, whilst the formula (CbH» 0„ . 2HjO)„ requires 0 = 40 0%. 

The amorphous powder rvas dried over calcium chloride in vacuo, and 
after sLv days a 'constant weight was reached with a loss of 5'02 %. 
The material so dried was placed in an air oven at 110° C. when it 
immediately commenced to lose more water. After nine days a loss of 
9'6% was recorded without equilibrium having been reached, although 
It appeared that the loss was slowly approaching a maximum of lO'O %. 

The successive steps in the dehydration can be represented by the 
following equations : 

(1) . 2H.,0)„ = (C„H=.0.. . H,0)„ + nH,0 
requiring a, loss of o'OO %. 

(2) (C.,H,.0„.H=0)„ = (C„H„0„)„ + «HA 
requiring a total loss of lO'OO %. 

The intermediate hydrate (C,:HjoO,i, . HjO)„ corresponds with the 
sodium hydroxide compound (C,jH„0„. NaOH)„, and the completely 
dehydrated material should be identical with that prepared by Harden 
and Young, by drying over phosphorus pentoxide in vacuo at 100° C. 

Preliminary determinations of the heat of wetting and solution of the 
fully hydrated material, showed this figure to be positive and equal to 
8 8 cals, per grm., and the sum of the heats of hydration, wetting and 
•solution of the monohydrate to be equal to 11'8 cals, per grm. 
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The fate of some halogen derivatives of benzene and of benzene 
in the animal body. By T. S, Hele and E. H. Callow. 

It has been known since the time of Baumann and Preusse that, 
when monochlorbenzene is administered to dogs, chlorphenylmercapturic 
acid and chlorphenylsulphate axe excreted in the urine. One molecule 
of monochlorbenzene corresponds to one atom of sulphur in combination 
as sulphate or as mercapturic acid. If these are the sole products of 
metabolism then the sulphur calculated from the output of halogen in 
organic combination should correspond with the excess sulphur (as 
ethereal sulphate and as neutral sulphur) over the normal average. The 
agreement actually is close. This would suggest that there is only one 
ethereal sulphate and one mercapturic acid present, each containing an 
aromatic nucleus, to which the halogen is still attached and that in no 
case is the halogen liberated before either synthesis takes place. The 
same considerations hold good for some other halogen compounds. 



Sulphur 

Excess sulphur 


oalcolated from 

found expori- 

Compound 

organic halogen 

mentally 

administered 

grm. 

grm. 

Monochlorbenzene 

0-447 

0-407 


0-353 

0-352 


1-810 

1-870 

Ortho'dichlorbenzene 

0-302 

0 311 


0-348 

0-305 

Meta-dichlorbenzene 

0-454 

0 477 

Para-bromanisole 

0-471 

0 462 


It is also found that there is a rise of neutral sulphur in the urine of 
dogs after giving them ortho- or meta-dichlorbenzene, but not after 
giving para-bromanisole. The rise in neutral sulphur suggests the presence 
of a mercapturic acid. The failure of the para-bromanisole to produce 
such an effect may be due either to the fact that the para position 
is blocked or to the detoxicating eSect of the methoxy group. Benzene 
also gives a rise in the neutral sulphur and it is thus probable that 
benzene is partly excreted as a mercapturic acid. 
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Itactic acid in human muscle. By A. V. Hill, C. N. H. Long 

and H. Ltjpton. 


In a recent paper {Quart. Journ. of Medicine, 16, p. 135, 1923) we 
have emphasised the magnitude and importance of the role of lactic 
acid in human muscular exercise. One of us therefore (C. N. H. L.) has 
carried out determinations of the lactic acid appearing.in blood as the 
result of short and violent effort. Clausen’s modification of the method 
of V. Fiirth and Charness was employed, a number of preliminarj 
tests being made on ox blood to which a known amount of lactic acid 
had been added. The average recovery of acid was 85 p.c. A sample 
of blood was drawn from the arm of the subject immediately after the 
determination of his resting metabolism. Violent exercise (jumping and 
skipping) was then carried out for 1|- minutes, and after 12 minutes’ * 
recovery a second sample of blood was withdrawn. Analysis showed' 
that the lactic acid concentration (multiplied by 1/0-85 to allow for 
loss in maiupulation) had risen from 29 mgr. to 104 mgr. per 100 c.c. 
of blood. The increase is 75 mgr. per 100 c.c. Assuming the blood 
volume (in the 60 kilo, subject) to be 4-5 htres, this means that 3-4 gms. 
of lactic acid were present in the blood 12 minutes after 1-| minutes of 
exercise. This corresponds to a loss of 18-2 c.c. of CO 2 per 100 c.c. of 
blood. Actual determination of the alveolar CO 2 , five minutes after 
the blood had been withdrawn, gave a fall of 1-5 p.c. Clearly direct 
measurement amply confirms our previous high estimate of the lactic 
acid hberated in short-hved violent exercise: the maximum amount 
hberated in the muscles must have been many times the 3-4 grms. 


present in the blood 12 minutes after exercise. 

We have been able to show, during oxidative recovery from exercise 
in man, that lactic acid is removed, and restored to its precursor, with 
roughly the same “efliciency” as Hartree and Hill on the one hand, 
and Meyerhof on the other, have recently found in frog’s muscle: in 
other words that the ratio of lactic acid removed to lactic acid oxidised 
is about 4 or 5 to 1. During the later stages of recovery from exertion 
in man an excess of oxygen is being taken in, and an excess of 2 
given out (i.e. above the resting level) in completing the recoverr 
oxidations. There is strong evidence from the isolated muscle that t e 
E.Q. of the recovery oxidations after severe stimulation is unity, in ee 
that lactic acid itself is being oxidised. Hence the excess of 
out should equal the excess of oxygen taken in. It does not, ^ 
a very considerable CO 2 retention in the body. It is natural to a ri 
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this COj retention to the combination of COj with base liberated by 
the oxidative removal of lactic acid Hence we may use the CO. retention 
as'a measure of the lactic acid removed, the Oj usage as a measure of 
the lactic acid oxidised: the relation follows, 

(lactic acid removed) _ 3 (COj retained) 

(lactic acid oxidised) ~ (0. used) 

The figure shows an actual experiment The ratio 
(COi retaincd)/(02 used) 

in the recovery process tends to become constant during the later stages 
of recovery, ^ e presumably as the hydrogen ion concentration of the 
blood returns to its normal xalue The final value of the ratio in this 
experiment appears to be about 1-4, so that the ratio (lactic acid re- 
moved) (lactic aeid oxidised) has the value 4 2 This value is probably 
too low, Binoe all the base hberated by the removal of lactic acid will 
not be employed to retain CO., part of it will certainly be seized by the 
proteins and other weak acids of the body It is clear therefore that 
the mam part of the lactic acid produced in exercise is not removed 
by oxidation, but restored in the recovery mechanism, and it is satis 
factory that the complex process of recovery from severe exercise in 
man is so similar in pnneiple to that discovered in the isolated frog’s 
muscle. 



!2 
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The ethereal sulphate and mercapturic acid syntheses 
in the dog. By T. S. Hele. 

It has been a matter of controversy for the past forty years whether 
phenol will combine with sulphate directly in the animal to form ethereal 
sulphate. Recently Rhode^ has failed to show in rabbits any union 
between phenol or bromphenol and sulphate, when the latter is intro- 
duced subcutaneously. The failure to demonstrate the direct synthesis 
was probably due to two causes, (1) the mode of administration of the 
sulphate and (2) the smallness of the doses of phenol and of bromphenol 
as compared \vith daily output of sulphate from the catabolised protein. 

If small doses of phenol are replaced by large doses of the non-toxic 
guaiacol and the sulphate is given by the mouth, direct evidence of 
their union may be obtained. In a series of experiments on dogs from 
60 to 80 p.c. of the administered sulphate was excreted as ethereal 
sulphate. 

In the same way it may be shown that chlorbenzene after oxidation 
to chlorphenol will unite with sulphate to form ethereal sulphate as well 
as with cystin to form mercapturic acid. 

Is there any numerical relation between the amount of ethereal 
sulphate and the amount of mercapturic acid excreted? If it is legitimate 
to regard the excess of neutral sulphur excreted after a dose of chlor- 
benzene over the average daily output on a standard diet as an estimate 
of the mercapturic formed, then there is. To dogs, kept on a standard 
diet, varying doses of chlorbenzene and of brombenzene were admin- 
istered by mouth. Within experimental limits it was found that the 
rise in neutral sulphur was always about double the rise in ethereal 
sulphate. Each molecule of chlorbenzene corresponds to one atom of 
sulphur whether in the form of sulphate or of mercapturic acid. The 
mean value obtained showed that 62 p.c. of the chlor- or brom-phenol, 
excreted in combination with sulphur, was excreted in the neutral 
sulphur fraction and 38 p.c. in the ethereal sulphate fraction. This 
constancy holds good for the first day after the dose, when the excretion 
is maximal. . 

It was also found very difficult, if nojb impossible, to upset this 
quantitative relation by the simultaneous administration of sodium 
sulphate* or of cystin by the mouth. In the latter case 60 p.c. of the 
cystin was excreted as ethereal sulphate. The cystin was mostly oxidised 
before it became effective at the seat of synthesis. 


^ Zeit. f. physiol, chem. 124. 16. 1922. 
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Rhode obtained some evidence that the simultaneous administration 
of cystin subcutaneously with brombenzeno given by the mouth gave 
a smaller yield of ethereal sulphate as compared with brombenzene alone. 
He was apparently able to inoreaso the effective concentration of cystin 
at the seat of synthesis. A difference in the method of administration 
produces a different result. 


The effect of insulin on the respiratory exchange. By H. W. 

Dudley, P. P. Laidlaw, J. W. Trevan and Ellen M. Eoock. 

The following is an account of two independent investigations of the 
effect of insulin on the intake of oxygen and on the output of carbon 
dioxide by mice. 

The output of carbon dioxide was determined by the method of 
Haldane using the small apparatus recommended by Pembrey and 
Haldane for air analysis. Mice were used in groups of three. When 
O'OOl mgm. of an “insulin ” preparation per mouse was given the C02 
output fell promptly from ID'S gm. per kilo per hour to 7-35 gm., and 
at the end of an hour was only 6'29 gm. In another experiment “ insulin ” 
and glucose were injected together, and the CO 2 also fell but more slowly 
and to a smaller extent (9-73 gm. per kilo per hour to 7'8 gm.). In a 
further experiment “insulin" was given alone and a fall from 9-16 gm. 
per kilo per hour to 4-98 gm. promptly developed. A small hypodermic' 
injection of glucose was then given, and in spite of this the COj output 
fell to 3-40 gm. per kilo per hour. One c.c. of 6 p.c. glucose was then 
given and a temporary rise to 4-87 gm. was observed. One hour later 
the output was down to the very low figure of 3-02 gm. per kilo per hour. 
Corresponding to this low metabolism the body temperature fell. These 
low figures were obtained in spite of convulsive movements. The glucose 
improved the condition of the mice but did not raise the CO 2 output to 
figures approaching the normal. 

Two experiments were carried out along the same lines on a small 
rabbit. A fall in CO 2 output was again recorded (1-57 gm. per kilo per 
hour to HIS gm.). At no stage in any of the experiments was there 
evidence of increased CO 2 production. 

The intake of oxygen was measured at room-temperature by en- 
closing the mouse in a small bottle containing soda-lime. To the bottle 
was attached a water manometer and a 10 c.o. Record syringe containing 
oxygen. One c.c. of oxygen was introduced into the bottle at intervals 
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and the time taken for the pressure to return to atmospheric Jevei. Very 
Jarge doses of “insulin” were injected (0-2 mgm. per mouse). The result 
was always a diminution in the amount of oxygen absorbed. (See 
graphs.) At room temperature the metahoJism fell gradually from the 
first. When glucose was injected subcutaneously in large doses (O-l gm,), 
a rise in the oxygen consumption was generally produced, but in one 
experiment, when 0’5 mgm. of insulin had been given, and themetabolism 
had fallen from 1'3 c.c. per min. to 0*087 c.c. per min. (not plotted), no 



rise at all took place 'after glucose, although the mouse, whic was 
practically dead before the injection of glucose, started to walk a on 
again. The obvious control experiment on the absorbing power o c 
soda-lime was done by putting a normal mouse ipto the botte an 

obtaining a normal figure. . , 

Experiments were also done at 30*5° C. in an attempt to ® 
any secondary effect of the fall of body temperature (see grap ^ ). 
were carried out in an apparatus in which the air was constant y circn 
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through NnOH and HjSOi after the manner of Benedict. The fall was 
delayed in onset hut was just as pronounced and developed mote rapidly 
when it did start. The convulsive movements did not increase the Oj 
absorption in mice. Some experiments were also done on guinea-pigs 
with similar doses and similar results were obtained in those pigs in 
which convulsions developed. 

These c.xperiment« indicate that although the sugar disappears from 
the blood, the injection of “ insulin ” does not produce its effect by directly 
increasing the rate of combustion of glucose. Experiments by one of us 
(H. W. D.) show that the disappearance is not due to an increased 
glycogen storage in the liver. 


A new method for the esUmation of the ergotordn content 
of ergot preparations. By W. A. Broom and A. 3. Clark. 

The ergotoxin content of ergot preparations can be measured by 
determining the minimal concentration that will reverse the action oi 
adrenalin upon the rabbit’s uterus. 

A piece of isolated rabbit’s uterus about 1 cm. long is used, its 
response to O'OOOl p.c. adrenalin is measured, and, after washing out, 
a known concentration of ergot preparation is introduced. This is left 
m contact for five minutes, and then the preparation is again washed 
out, and after five minutes O'OOOl p.c. adrenalin is introduced. 

The following is an example of the results obtained; 

Expt, 19. 2. 23. Rabhil’s uterus. 

Adrenalin 0-0001 p.c. — contraction il mm. 

Sample X Liquid extract ergot 0-08 p.c. 

Adrenalin O'OOOl p.c. — contraction 41 mm. 

Sample X Liquid extract ergot 0-1 p.c. 

Adrenalin 0-0001 p.c. — contraction 26 mm. 

Sample X Liquid extract ergot 0-12 p.c. 

Adrenalin 0-0001 p.c. — inhibition. 

On repetition with another strip of uterus 0-12 p.c. of this sample 
e e^ot extract was again found to reverse the action of adrenaljn, 

e ergotoxin content of different preparations of ergot was found 
independently of the other active principles, and no certain 
ea ion was found between the action of ergot on the guinea pig’s 

uterus and its ergotoxin content. 
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The following are examples of results obtained on a series of samples 
of liquid extract of ergot: 


Rdafive Activities of Ergot Samples. 


S3in})Ie 

Actii-ity measured on 
uterus of guinea-pig 

Ergotoxin content 

Estimated on Estimated by action 

rabbit’s uterus on cook’s comb 

B 

100 

20 

30 

5 A 

100 

100 

100 

oB 

30 

Nil 

Nil 

5C 

30 


ff 

Ergotoxin 

was found to produce a reversal at a dilution of 1 


4,000,000. The sample of ergotoxin was probably not pure. 

The three preparations 5 A, 5 B, and 5 C were made from the same 
sample of ergot: 

5 A according to the United States Pharmacopoeia. 

5 B ,, ,, British Pharmacopoeia. 

5 C ,. JVench Codex. 


The influence of carbonates on the heart rate. 

By Henrietta. Baixbridge. 

Mansfeld and Szent-Gybrgyi(i) recently .studied the effects of 
perfusing the frog’s heart mth dilute solutions of alkalies, and concluded 
that carbon dioxide was the natural stimulus which provoked the 
rhythmic automaticity of the heart and that the free carbon dioxide in 
Ringers solution acted as an accelerator to the heart. They showed 
that perfusion with •002H solutions of Ba(OH) 2 HaOH, NHOH and 
NaoCOj (in Ringer of the following composition : NaCl KCl 'OVf, 
CaCb cryst. '02 °/o) caused disturbance of the normal heart beat and 
provoked idiopathic auricular beats, nodal rhythm and, finally, arrest of 
the heart; also that NaHCO^ and NaHPO^ in this Ringer in •002N 
concentration did not produce this effect, and concluded that this proved 
that the action of the heart did not depend upon OH ion concentration. 
This conclusion is unjustified, for a ■002N solution of HaOH has a pn 
of about 11‘5, a 'OOl solution of Na-jCOs a p^ of about 11, while 002N 
solutions of NaHCOj or HfuHPO, have a pn of about 9. The action of 
NH,OH and of Ba (OH), are not comparable as both NH^ and Ba ions 
are strong heart poisons. 

Dale and Thacker(2) showed that the limit of alkalinity at which 
the various portions of the heart of the frog could function was as 
follows: sinus, pn 9’5, auricle, 10‘5, ventricle, ll'O. The experiments o 
Mansfeld and Szent-Gybrgyi merely confirm these results ; .solutions 
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of NaHCOi and Na^HPOj ^^hose pn is below 9 5 do not arrest the sinus 
beat, whilst solutions of NaOH etc, with a pn of about 11 arrest the 
sinus and first stimulate and finally arrest the ventnoular beat 

I have made experiments comparing the action of ordinary carbonate 
containing Ringer with the action of the solution desonbed by Mines(3), 
m which boric acid and sodium acetate are used as buffers and the 
fluid 13 carbonate free Heai ts of Rana temp were perfused by means 
of a Symes c,innula The solutions were made with water freshly dis- 
tilled from glass, and, in the case of Mines’ solution the water was boiled 
to remove COj The p^ of bothRuids was carefully adjusted to 7 7 The 
following table shows typical results 


IlioRcr 8 riuid Mines’ Fluid 



Bcgiunin^ 

of 

3 brs 

18 hours 

Beginning 

of 

3 hrs 

•> 

18 hoars 

-Rate per mm 

cxpenment 

later 

later 

experiment 

later 

Inter 

SG 

29 

17 

31 

2G 

22 

Height qf contractions 

in cm 

0 63 

0 7C 

_ 

0 05 

0 70 

0 1 

volamc output in c c 

per min 

09 

10 

— 

19 

16 

0 1 


These results show that the frog's heart beats at the same rate when 
perfused by a fluid devoid of carbonates as it does when perfused by one 
containing them 



urther experiments were made to study the effect of temperature 
on t e rate m the two conditions A double cannula ns shown in Fig 1, 
was used and the heart plunged into a bath of Ringer or Mines’ solution 
* temperatures, the cannula being filled with the same solution 

a t e same temperature Rites were measured by counting the auricular 
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Canalicular appearances within nerve'cells of the spinal cord 

spinal and sympathetic ganglia in vitamin B deficiency^. Bv 

C. Da Fano. 

TBe appearances Here described were noticed in nerve cells of the 
spinal cord, spinal and sympathetic ganglia of the animals to v'hich 
reference was previously made, but chiefly of pigeons kept on polished ' 
rice and cats fed on autoclaved meat. While under such conditions the 
Golgi apparatus stained about as usual and the Nissl substance seemed 
only reduced in quantity, the cytoplasm of most nerve cells was pervaded 
by -an apparent system of canaliculi similar to, if not identical with, 
Holmgren’s trophospongium. In some cells only a few whitish streaks 
were seen in their most peripheral portions; in others the whole cell- 
body was permeated by the apparent canaliculi. These looked, in general, 
like stainless spaces of changing shape, appearing sometimes as minute 
and relatively straight fissures' sometimes as variously bent canals. In 
a certain number of cells the spaces w'ere so wide as to impart to the cyto- 
plasm an almost vacuolated aspect, some of the vacuoles surrounding part 
of the nucleus. In many cases the canals or spaces opened at the edges 
of the cell-bodies, thus freely communicating with the surrounding tissue. 
The examination of a great number of specimens from differently fixed 
and differently embedded pieces showed that the phenomenon was inde- 
pendent of the technique, but perhaps connected with a certain degree 
of congestion and oedema frequently present in the nervous tissue of 
animals affected fay vitamin B deficiency. 

Facts of the same kind have been previously observed- but, as , 
far as I know, not in deficiency diseases and not so plainly. In con- ! 
sideration of this, particular attention was paid to specimens treated by j 
the cobalt nitrate method in order to find out in which relation the i 
apparent canaliculi and the Golgi apparatus stood to each other. Many ^ 
cells were thus observed in which apparatus and canals or spaces were j 
clearly visible at the same time. This observation shows in a definite , 
manner that the Golgi apparatus and the so-called Holmgren tropho- 
spongium are entirely distinct from each other. It is worth adding , 
that in some cells of the spinal ganglia the apparent canaliculi seenae 
to contain some material on the nature of which no definite opinion 
can be at present expressed. 

1 The expenses of this investigation have been defrayeci by a Grant from the Ifedi 

Research Council. , 

2 See Da Fano. Journ. Nerv. 3Ienf. Bis. S3, p. 353. 1921, and the reference 

contained. 
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A method of demonstrating changes in the calibre of the 
bronchioles.' By E. J. S. McDqwall. 

The method consists essentially of using the chest cavity as a 
plethysmograph and recording changes of lung volume during constant 
artificial respiration. 

The muscles are retracted from the side of the sternum about the 
fifth interspace. An opening is made into the chest, the little finger 
inserted to tear the pleura, a flanged cannula inserted and attached to 
a volume recorder. The muscles are allowed to slip back and the wound 
made airtight by a purse-string suture. The descent of the diaphragm is 
reduced by bandaging the abdomen but it is not usually necessary to 
take any steps to immobilise the chest wall. 

In this way changes in bronchiole calibre may be shown which are 
difficult to demonstrate by the tracheal-pressure method, and the use 
of delicate oncometers is avoided. 

Non-protein nitrogen and urea content of the blood during 
pregnancy. By E. Chmstine Pillman Williams. 

Any wofker undertaking an investigation of abnormal cases of 
pregnancy is at once faced with the lack of information as to the change 
which takes place in the blood during normal pregnancy. Chemical 
analysis of the blood of normal non-pregnant women gives as average 
values: 

Non-protein nitrogen 30 mgm. per 100 c.c. of blood. 

Urea 25-30 mgm. per 100 c.c. of blood. 

Folin from the analysis of about 100 pregnancy cases finds that 
the N.P.N. is rarely over 30 mgm. per 100 c.c. of blood, while the urea 
varied from 10'7-19'2 mgm. Caldwell and Lyle found much higher 
values for, their series of 160 cases, e.g. N.P.N. 29-59 mgm. p.o., urea 
24-6 mgm. p.c., and found slightly higher values for the 9th month. 
Be Wesselow, examining about 50 normal women, finds values corre- 
sponding to those of Folin. 

During the last two years the writer has been making careful examina- 
tion of the blood content of normal pregnant women with a view of 
coming to some definite conclusion as to whether there is any variation 
of the blood urea with the different months of pregnancy. 

In the following series two or more examinations of the blood have 
been made in each case. The average figures during the whole term of 
pregnancy (from 100 analyses) have been found to be 

N.P.N. 25-2 mgm. p.o. Urea 19-5 mgm. p.c. 
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being particularly affected. In the end they seemed almost incapable of 
standing and if compelled to walk they moved their hind limbs inco- 
ordinately, and frequently fell on one side or the other. But they did 
not show true paralytic symptoms as seen, for instance, after the section 
of a nerve. Only one of these animals seemed unable to retract its claws 
completely. In cats, as in rats, no proof of any sensory disturbance 
was obtained. 

Pieces of the spinal cord, a certain number of spinal ganglia and in 
some cases the largest sympathetic ganglia were investigated by the 
methods in use for the demonstration of Golgi’s apparatus and Nissl’s 
substance, particular attention being paid to specimens from the spinal 
cord, spinal and sympathetic ganglia of cats in which a degeneration 
of peripheral and central nerve fibres had been found. As regards the 
Golgi apparatus no determined lesion could be seen in any of the many 
preparations examined. It stained as well and possessed the same 
characteristic structure as in similar cells of normal animals. A some- 
what unusually fragmented appearance was seen in such few instances 
that no special importance could be attached to it. As regards the Nissl 
substance it seemed reduced in quantity in many cells of the spinal 
cord and ganglia, particularly of cats; but true chromatolytic changes 
with peripheral shifting of the nucleus were noticed only occasionally 
in a very small number of cells. 


Action of guanidine salts on dilute glucose solutions. 

By G. A. CiiARK. {Preliminary Communication.) 

It has been shown that the effect of pure guanidine on glucose in 
aqueous solution is essentially similar to that of an alkali^. In attemptmg 
to determine the effect of guanidine salts on the estimation of glucose 
in dilute solution, evidence of other interaction was found. The addition 
of •! gm. guanidine hydrochloride per 100 c.c. of sterile glucose solution 
caused a definite diminution of copper reducing power as determuied by 
Bang’s old micro-method for blood-sugar. The minimum reducing 
power was attained in 30 minutes in average bright daylight, but in 
solutions kept in the dark no change was observed even after four days. 
Exposure to dayUght for 10 minutes or more, however, resulted m 
diminished reducing power even when the solution was suhsequen y 
kept in darkness. This altered reducing powmr could not be detecte 
by Maclean’s method of blood-sugar estimation. 

^ Joum. Ghem. Soc. 1907. Trans, p. 1010. 
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Exp 7 (Tabic I) suggests that tbe full reducing power is restored by 
prolonged boiling 

TABur I 
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45 „ 047 




2/0 


minsM:i 2D 30 40 50 z\hrs i2hra 
lig 1 

y- — — Polanmetor \ alrtc + Bing\ahic 

Both expressed as p c glucose for comparison 

Comparison of optical aotivitv with copper reducing value showed 
an initial increase in rotatory power simultaneous with the fall in copper 
value Thereafter the rotation diminished, and fell to that of the 
original glucose solution in from 1 to 3 days (see Fig 1) feolutions 
previously hept in the dark also showed these changes on exposure to 

daylight 

guanidine carbonate or sulphate instead of tlie hydrochloride 
Similar results ^\ere obtained These rcsulta cannot be due to the forma- 
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tion of the guanidine-glucose compound whose properties were investi- 
gated by Morrell and Bellairs^, because this compound showed a 
specific rotatory power considerably less than that of pure glucose. 

I am indebted to Professor D. Bxirns for the supply of pure glucose 
and guanidine salts, and to Professor H. V. A. Briscoe for the loan of 
the polarimeter. 


Separation of excreta from rats. By Louis Gross^ 
and S. J. B. Connell. 

The simple apparatus shown below automatically times and separates 
the excreta from rats. 




i I i 

ScALK or IHCHES. 

Z. 


The general arrangement is shown in Pig. 1. A cylindrical rat ca^e 
rests on three copper hooks (A) which are hung from a large glass unn 
When the feces and urine fall through the large wire mesh at the o o 
of the cage, the feces drop straight through the neck of the funne 


1 Joum. Chem. Soc. 1907. Trans, p. 1010. 

* Beit Memorial Research Fellow. Aided by grants from 
tion and the Medical Research Council. 


the British Medical Associa- 
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small receiving cups (D). The urine flows down the sides of the funnel 
and strikes the small oval “tennis racquet-shaped” glass rod (B) whence 
capillary attraction allows it to flow to the point. Here it falls into the 
receiving cups {E). A small inverted funnel {F) is suspended from the 
centre of the cage in order to divert urine from falling directly through 
the large funnel. 

Instead of the “racquet-shaped” conductor (B), one can use the 
even more efficient separator shown in section in Fig. 1 c. This requires 
no adjustment and has the added advantage that the urine is easily and 
safely conducted to any receptacle. In this way one can make use of 
the row of cups (E) to collect feces from another rat. This separator 
consists in a bulb of the form -shown. A tube leading from the lowest 
point of the moat serves to remove the urine, while the feces drop 
straight through. 

The tubes (D) and (E) are arranged in a circle on a horizontal disc ((?) 
having two or more rows of 24 holes each, cut at equal intervals on a 
circumference where they are conveniently held in position by slipping 
rubber bands over them. The motive power is supplied by a clock spring 
Fig. 2 ((S) which, when wound, rotates the disc and brings the cups to 
the correct position. 

The timing is carried out by attaching the rod (H) through a universal 
coupling to the minute hand of a clock. This makes one revolution in 
one hour. By gearing it to a wheel (/) of appropriate size, one can 
obtain one revolution of (7) in any desired interval. 

The actual control of the movement of the disc {G) is shown in 
(A), (FJ and (Z) which are elevation, face view and plan respectively, 
A wheel {J) has two raised rings formed on its face, cut away to form 
two slightly overlapping segments as shown in (F). The radial distance 
between the two segments is equal to half the distance between the 
teeth of the engaging twelve tooth wheel (77)- As shown in (Z), one 
tooth of (77) is resting against the outer segment of (<7). As (J) rotate, 
this tooth slips off the end of the segment and the next tooth is cai^ t 
by the inner segment in the position shown dotted in (Z). Another a 
revolution of (7) allows this tooth to slip onto the other segment and 
the process is repeated again. It will be seen that for every revo u mn 
of (7) the wheel (77) makes two movements, each l/24th of a revo u mn. 

The apparatus as shown is arranged to change every our. 
wheel (7) is twice the size of that on (H) and therefore (7) rota °° 
every two hours, so that (77) moves once every hour bringing a r 
t-ube into position below the funnel. 
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To wind the spring {S), a wedge shaped lever (not shown) is intro- 
duced at (L) which withdraws (J) from (E), leaving the latter free. The 
disc is then rotated one complete revolution in the direction which 
tightens the spring (S). The lever is then released from (i), (J) is pushed 
into engagement with (K) by the brass strip {M), and the disc is locked 
in position ready for use. 
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A new type of electrode. By Henry Deyerre. 

In prolonged experiments in the investigation of the response of an 
exposed nerve to intermittent stimulations, difficulties occur in the 
maintenance of a uniform degree of excitability in the nerve. Variations 
in the moisture of the latter, in the site of application of the electrodes, 
and damage by frequent manipulation are contributing factors towards 
irregular results. 

Keith Lucas(i) utilised “fluid” electrodes in his experiments with 
dissected nerve-muscle preparations, but his electrodes could not be 


e 



pplied to divided nerves in situ. In seeking to overcome these difficulties 
have evolved a new type of electrode. This electrode allows the stimulus 
) be appUed to the same part of the nerve throughout an entire e^P^n- 
lent; the nerve suffers no mechanical injury from the application o 
lectrode; the moisture is maintained constant for many hours if neces- 
iry; and the electrode is non-polarisable. In addition, * ® P° ° 
to electrode in close proximity to the tissues is relatively small, and 
rinciple may be utilised for appEcation to a nerve m any situation. 

The sketch shows the electrode used by me f. ou!h! 

ervical vagus nerve of the cat and rabbit. It is made of glass through 
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out, -nuth the exception of the twn plugs A, which are made from pieces 
of clay pipe-stems having their bore widened and the lower end plugged 
with plaster of Paris. These contain zinc sulphate solution and into them 
dip amalgamated zinc terminal’s. The plugs are maintained at the proper 
level in the tubes D, by means of the adjustable rubber collars E. 

The rest of the electrode is filled with Kinger’s solution. P is a 
horizontal limb which lies in the sulcus made in dissecting out the nerve. 
This hmb has a hole at either end, and through these holes the divided 
nerve is drawn by means of an attached piece of thread. This thread is 
fixed by plasticine to the upright tube C, which latter serves the double 
purpose of forming a convenient part of the electrode to be fixed in a 
clamp, and as an inlet by which any loss of Ringer’s solution may be 
replaced. 

The shape of the limbs, and the level of the Ringer’s solution in the 
tubes D have been so adjusted that there is no undue tendency for fluid 
to escape from the electrode. 

REFERENCE. 

(1) Keith Lucas. Journ. Ph 3 ’siol. 1906, 34. 374: 1908, 37. 114. 


Antidromic action. {Preliminary Communication,) 

By J. N. Langley. 

In recent experiments on a possible action of posterior nerve roots 
on sweat secretion, I noticed the flushing of the foot first described by 
Morat about 30 years ago. The obviousness of the flushing suggested 
that by stimulating the posterior roots after section of one or more of 
the nerves of the foot near the periphery, it could be determined whether 
the whole vascular tract from the femoral artery do'wnwards or only the 
extreme ends are affected by antidromic impulses. Discussion of the 
results requires a knowledge of the complex arrangement of the nerves 
and blood vessels in the foot, which cannot be given here. The conclusion? 
I draw from a number of varied experiments is that the arteries, except 
possibly the small branches given off by the digital arteries, are not 
appreciably affected by antidromic impulses and that the flushing is 
chiefly due to -an action on the capillaries. The balance of indirect evi 
dence is, I think, in favour of the flushing being due to metabolites, an 
not to nervous action on the vessels, but direct evidence of this has no 
been obtained. Flushing in one part of the foot is commonly accompanie 
by pallor in the rest of the foot; suggesting a great effect of local arteria 
pressure on capillary diameter. 
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A modified form of Martin’s Bicycle Ergometer, by the Designs 
Department of the W.D, E.xperimental Station, Porton. 

The instrument consists of an ordinary bicycle held up securely on 
a wooden stand, the front wheel removed, its forks held securely to the 
stand and the back w’hcel replaced by a heavy flywheel with a broad rim. 
A long leaf of spring steel is secured at its “steering head” end to the 
floor of the stand; the other end is free to float but has attached to it a 
broad band of canvas which is laid around the rim of the flywheel. 



Plate I. 


Secured to the tail of the band, and hanging from it, is a weight whose 
action is to deflect the end of the leaf spring upwards. Standing Up from 
the floor of the stand is a fixed strip of brass plate forming a scale, and 
by varying the tail weights the spring can be calibrated and the scale 
marks added to the brass strip. See Plate I. . . 

On the left aide of the apparatus there is fi.xed to a convenient part 
of the stand a revolution counter which is worked by a projecting pm 
from the flywheel, a safety device being incorporated on the actuating 
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lever of the counter to prevent any damage if the wheel is revolved back- 
wards by accident. 

When the machine is pedalled (see Plate II) the friction between the 
rim of the flywheel and the canvas band (which is constant, and inde- 
pendent of rate of pedalhng) acts against the weight and reduces the 
deflection of the spring by an amount which can be read off on the scale 
which is marked so as to give the difference between the tensions on the 
tight and slack ends of the band for a given tail weight. This reading is 
theoretically constant, but actually it is advisable to check it occasionally 
if the machine is used a great deal. 



Plate 11. 

This reading, then, together with the reading of the counter, give 
all the requisites to calculate the work done, thus the work done in ft. lbs. 

= Reading x Circumference of wheel x No, of revolutions. 

Each weight used on the tail should have its corresponding spring 
and scale if the readings are to be sensitive. A series of weights, sea es 
and springs can be made in sets, each set to suit its particular rate of wor . 

The machine has the following advantages over Martin s t^e. i 
simpler, there are fewer parts to get out of order or need ad]us men , 
the readings of tension are taken directly off the end of the canvas a ^ 
and there is no sliding friction of the spring balance pointers to in ro 
errors. 
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The removal of lactic acid during recovery from muscular 
exercise in man. By C. N. H. Long and H. Ltjpton. 

That the lactic acid produced by Btimulation of an isolated muscle 
and removed in recovery is not all oxidised has been decisively demon- 
strated by Meyerhof, and by Hartree and Hill; according to the 
former j to f of the lactic acid is restored to glycogen in a process by 
which the remainder is oxidised, according to the latter about | to 
It was of interest therefore to determine in man, the ratio of lactic acid 
removed to lactic acid oxidised. A method described in a previous 


communication, employing COj retention after exercise as a measure 
of total lactic acid removed, and excess 02 -usage as a measure of lactic 
acid oxidised, gave a ratio of about 4:1. In the present method the 
lactic acid removed is directly measured, that oxidised determined as 
before from the excess Oj-usage. 

Procedure, After a determination of the oxygen consumption at rest, 
fasting, the subject ran at a speed too great to be kept up indefinitely: 
exercise was prolonged sufficiently (8 minutes and upwards) to cause 
large quantities of lactic acid to enter the blood. This was followed by 
violent skipping and jumping, after which the subject adopted the 
original resting position. Earlier experiments on recovery from exercise 
had shown that, for a period of at most 10 minutes carbon dioxide is 
excreted in excess of what could have been produced by contemporary 
oxidation of carbohydrate. Lactic acid was thus obtaining base from 
bicarbonate in blood and tissues. 


For this period at least, therefore, the lactic acid is not evenly dis- 
tributed throughout the soft tissues of the body. After about 10 minutes 
of recovery a prolonged period of CO 2 retention sets in. This shows that 
bicarbonate is being restored. Consequently, we felt justified in as- 
suming that, after about the first 10 minutes of recovery the concentration 
of lactic acid in the blood would, at any instant, be the same as in the 
rest of the tissues, and could therefore be taken to represent the con- 
centration of lactic acid throughout the body. To make sure that this 
state of equiUbrium was attained the first sample of the blood was not 
taken, at the earliest, until after the first 15 minutes of recovery. E^en- 
ments are now in progress to determine the time which must elapse 
after the end of exercise, for the concentration of lactic acid in the blood 
to be a maximum. To determine the lactic acid removed, two samples of 
venous blood, each about 6 c.c., were taken dimng the recovery penod 
following the severe exercise, an interval of half an hoim being afiowed 
to elapsf between the two samples. These were analysed for lactic acid. 
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The formation of “ breakers ” In the transmission of the pulse- 
wave. By J. Cmghton Bhamweli,' and A. V. Hii.l, 

It has been shown (i) that, in an isolated artery, the velocity of the 
front of the pulse-wave varies with the pressure ; and since, in the living 
body, the blood-pressure rises rapidly during the initial stages of the 
pulse cycle, different elements of the pulse-wave will be transmitted to 
the periphery with different velocities. The front of the pulse-wave is 
launched on the blood stream at the diastolic pressure, and travels at 




Fig. 1. 2. 

Fig. 1, Pressare-time relation in initial stages of normal carotid eph^graogram. 

Fig. 2. Velocity-pressure relation, as determined in isolated carotid artery, 

the slowest rate; the part of the wave which travels most rapidly is 
that which is launched at the systolic pressure: intermediate parts 
travel at intermediate rates. Hence, the more rapidly moving elements 
will tend to catch up those which are moving more slowly; in other 
words the wave -will tend to become more vertical, and, under suitable 
conditions, parts of it may actually tend to topple over an orm 
“ breakers.” Even if the wave as a whole does not ” break, any in 
dividual portion of it which does so will set up irregular vi rations 
the arteries, which, if they be of sufficient amplitude, ® transmi 
to the periphery. Vibrations, which it is suggested may e pro 
' Working for Ibe Medical Kcaearcb Council. 
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this way, have been demonstrated both by optical methods ( 2 ) ( 3 ), and bv 
the hot wire sphygmograph (4). Similar vibrations occur on the upstroke 
of sphygmo^ams obtained from normal subjects immediately after 
violent exercise. 

In Fig. 1, which is an optical sphygmogram taken from an artery at 
a point X, a and 6 are the beginning and end of an element of the 
pulse-wave, separated from one another by a time interval t secs. Since 
this is a pressure-time curve in which the commencement and top of 
the upstroke correspond to the diastolic and systolic pressures respect- 
ively, the pressures corresponding to the points a and b may be read off; 
and further, the velocities corresponding to these pressures can be ascer- 
tained from the curve (Fjg. 2) relating velocity to pressure in ‘normal’ 
isolated arteries(i). If these velocities be Vj and Vg cm. per sec,, then the 

length of the element will be ^ “ cm.- Hence the time taken by b 


to overtake a will be t 


Vi+V. 




secs., and the distance which the 


whole element will travel in that time is t . jiVi — «j) cm,’ If 

this distance be less than the distance from X to the periphery, then 
the element will have time to “ break,” before reaching the capillaij’ 


area. 


Those pathological conditions in which the diastolic pressure is low, 
and the pulse pressure is increased, especially if the rise in pressure 
takes place suddenly, should theoretically offer the most favourable 
opportunity for the formation of “ breakers,” 

It is possible to study the behaviour of any small element on the 
wave front, and so to ascertain the parts of the wave which would be 
the first to "break,” A simple formula can be devised for this purpose. 

It is suggested that the conditions outlined above closely resemble 
those which are known clinically to be associated with the “water- 
hammer” type of pulse, and that “breaking” of the pulse-wave may be 
an important factor in the production of that phenomenon. . 


EEFEBENCES. 

(1) Bramwell, Downing aud A. V. Hill. “Heart.” 1923, in the pres.?. 

(2) Feil and Gilder, “Heart.” 1921. 
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(4) Bramwell and McSwiney. Journ. of Physiol. Proo. 1922, 

1 In actual practice, this calculation may require to be modified, in order to 
of the probable fact that, in the carotid, the relation of pressure to velocity is no 
as in the smaller, and more muscular, arteries. 
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The minute volume of the heart In respiratory obstruction. 
By A Sr G. Huggett 


An attempt has been made to find the effect on the circulation rate 
of causing animals to breathe against a pressure Grethanised cats were 
used. It was found that by giving it four or five hour's before the be- 
ginning of the experiment a uniform anaesthesia was obtained, and apart 
from a little ether for induction no more volatile aniesthetio was required 


The minute volume was given by the ratio ^ "p ., where 


0. = Oxygen consumption per minute, and 

A~V is the difference in oxygen content per cc of .utcrial and 
venous bloods, i e. the oxygen utilisation 
A cannula was inserted in the trachea and the inspired and expired 
airs separated by valves The expiratory valve was a rubber membrane 
over a slit in glass tubing The inspiratory valve was a wash bottle with 
wide glass tubing. By pushing the tubing into the water a pressure 
could be set up to oppose inspiration .and be vaned as desired 
The oxygen consumption was measured by collecting the expired air 
in a rubber bag of about 2000 c e capacity, .analysing it m a Haldane gas 
analysis apparatus and measuring the volume with a gas meter 
The difference in oxygen content was measured directly with a 
Barcroft differential blood-gas apparatus The arterial blood was collected 
by a cannula in the femoral artery , the mixed venous blood w.as obtained 
direct from the right heart by the method of Barcroft, Boycott, Dunn 
and Peters', that is cardiac puncture with a hypodermic syringe 
The inspiratory obstruction was a constant pressure of 5 ems of water. 
Two leadings were taken while at rest before the obstruction, two oi 
three dunng the obstruction and two after the obstruction 
The average values for rune experiments were : 


A. 


Oxygen consumption per minute per cat 
At rest before obstruction 
During obstruction (5 ems ) 

At rest aftei obstruction... 


21 65 c c 

22 80 „ 
2150 „ 


B Oxygen utilisation per c c of blood . 
Before 
During 
After.. 


0 0706 c c 
0 0548 „ 
0 0730 „ 


• Barcroft, Boycott, Dann and Peter.. g,mrt. J. J/rd. 13. p. 35. 1910 

/2 
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C. Minute volume ; 

Before ... 324- c.c. or ... 130 c.c, per kilog. ^ 

During ... 446 c.c. „ ... 178 c.c. „ „ ^ 

After ... 300c.c. ,... 120 c.c. „ 

The figure of 130 c.c. per kilog. body-weight agrees with that of 
Barcroft and his collaborators for the unan$sthetised goat (133 c.c.). 
It will be noticed that the resting value for the oxygen utilisation is 
considerably higher than the value stated to occur by Henderson* and 
obtained by indirect methods. 

The initiation of the state of hibernation in mammals. 

By F. BuchXnan. 

(i) An ordinary mammal becomes poikilothermic if its temperature 
is once reduced below a certain level (25° C. for the monkey, 24° C. for 
the cat), and it will recover, though not without some assistance, as long 
as its temperature does not fall below a certain minimum (16° C. for the 
cat). This has been shoAvn by Sutherland Simpson and Herring(i) 
who reduced the temperature of the animal in the first instance by 
deeply anaesthetising it in a very cold environment (4° C.). They used 
ether as the anaesthetic, (ii) Another way of producing anaesthesia is by 
deficiency of oxygen-supply to the brain, and this may be produced, in 
man, either by deep forced breathing or by very rapid shallow breathing 
(Haldane). My suggestion is that those mammals which hibernate 
utilise this method of rendering themselves unconscious when their 
usual form of food is unobtainable, and, when subjected to a low external 
temperature, become poikilothermic. Natural Selection having favoured 
those which could best acclimatise themselves to deficiency of oxygen. 

Additional facts which support this view are : (iii) The temperature 
of a homoiothermic animal falls when its oxygen-supply is reduced 
gradually, e.g. that of a pigeon may fall from 41° to31°C.(Cl.Bernard(2)). 
(iv) Some, and perhaps all, hibernating mammals, each time they give 
up the attempt to maintain their temperature, show two phenomena 
which are associated with want of oxygen in other mammals. One o 
these, known in man as a symptom of anoxaemia, is the periodic breat 
ing which Pcmbrey{3) has recorded in dormice, bats, hedgehogs an 
marmots. The other is the heart-block shown in my electrocardio^ap ic 
records taken with hibernating dormice and bats(4); and Mathison(5 
has demonstrated that this condition is produced in ansesthetise > e 
cerebrate, and in spinal cats, by insufiScient oxygen-supply to t e 
1 Y. Henderson. Phrjsiological Beviews, 3. V- 
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At wliat stage of going into torpor these phenomena first appear has not 
yet been determined, and would be difficult to determine. But while 
coming out of torpor, and after the breathing has started and become 
regular, I find that in certain individual dormice it becomes periodic 
(and may do so more than once on each occasion of waking) and that 
whenever this happens there is a relapse into, or in the direction of, the 
torpid state. Thus the pulse-rate (i.e. the rate of the ventricular beat), 
which may to some e-xtent be regarded ns a measure of the waking, 
always ceases to rise, or may even fall, each time the periodic breathing 
begins; whereas the pulse-rate rises without interruption in other dor- 
mice which show no periodic breathing while waking. The great difference 
in the readiness with which individuals of the same species go into and 
come out of hibernation has been noted by most authors. Such difference 
manifests itself even in animals kept simultaneously under identical 
conditions, and in ray experience with dormice, one that does so readily 
always does so, winter after winter. It is only such a one which shows 
periodic breathing while waking. Individuals which hibernate with 
difficulty always wake quickly, their pulse-rate rushing up from about 
30 to about 600 a minute in the course of an hour. 

One way of testing my view would be by carrying further the Haldane 
breathing e.xperiments, and seeing whether a state of true hibernation 
can be thus induced in a species in which it is not a normal occurrence. 
Possibly this experiment has already been made by the Hindoos, since 
it is known that a Yogi prepares himself for temporary entombment by 
special breathing exercises, though it is, unfortunately, not yet known 
whether he loses control of his body-temperature while in the trance. 
Such an occurrence might escape ordinary observation in .a country 
where the external temperature is not far removed from, and may be 
higher than, the usual body-temperature of man. 
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The heat of combustion of glycogen. By W. K. Slater. 

The heat of combustion of the hydrated form of glycogen [(CsH. A)n], 
prepared as described in the Prociedings of this Society for 17 th Febriiaiy 
1923, has been determined. A Mahler-Cook hom> calorimeter w.as used 
for the estimation. The average for 5 determinations was 3878 cals, per 

/5 
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grm., the values all lying between 3870 cals, per grm, and 3884 cals, 
per grm. This value is higher relatively than Stohmann’s value (4190 
cals, per grm.) for the Supposedly anhydrous material, due in the author’s 
opinion to the fact that Stohmann was not dealing with completely 
anhydrous glycogen. 

The new value for the heat of combustion of glycogen is of considerable 
physiological interest, as by subtracting the figure obtained for the heat 
of wetting and solution (9 cals, per grm.), we can get the energy value 
for glycogen in solution (3869 cals, per grm.), and thus recalculate more 
accurately fi’om chemical and thermo-chemical data the heat exchanges 
in muscular work. The results so obtained are in excellent agreement 
with the direct measurements of Hartree and Hill. 


Note on the alleged growth promoting effect of air irradiated 
with the quartz mercury vapour lamp. By T. A. Webster 

and Leonaed Hill. 

At a recent meeting of the Bio-Chemical Society E. M. Hume and 
H. Henderson Smith’’- reported some experiments now published on 
the effect of irradiated air on the growth of rats. Rats of 50 gm. weight, 
kept singly in glass jars and fed on a diet deficient in fat soluble vita- 
mines, were on every second day taken out of their jars and the jars 
then exposed for ten minutes to the radiations from a quartz mercury 
vapour lamp, each open jar being placed under the lamp so that the 
radiations passed directly into the jar without having to travel through 
the glass. At the end of ten minutes each jar was covered with a glass 
lid and taken from the lamp — the rat was introduced and the lid re- 
placed for ten minutes, after which the lid was removed and the rat 
lived in the jar till the next treatment. Control experiments were done 
in which the jars after irradiation were blo^ra out with a bellows before 
introducing the rat. As the result of this treatment with irradiated air, 
according to Hume and Smith, the rats showed a more rapid and pro- 
longed growth compared with the control rats. Their work was suggested 
by the work of Kestner on the regeneration of eiythrocytes in dogs. 
Kestner used the open carbon arc and found that if dogs which had 
been made anaemic breathed the air in which the lamp was burning^ 
there was produced a more rapid regeneration of erythrocytes than in 
control dogs. Kestner thought this might be due to effects of oxides 

* Bioehem. Joum. 17. p. 364. 1923. 

2 M. B. C. Special Heport Series. No. 77. p. 180. 
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of nitrogen produced by-tho arc. It is claimed that the fall of blood 
pressure seen in patients exposed to the carbon arc is prevented by their 
breathing of pure air. Hume and Smith admit that the only known 
effect on air of the mercury vapour lamp radiations is the production of 
ozone and slight ionisation. They show that ozone has if anything a 
retarding influence on growth. Without committing themselves to any 
definite statement they suggest- by implication that the ionised air is 
the active growth producing agent. 

The statistical evidence on which they base their conclusion is not so 
strong as it might be. While their graphs are striking, there is one in 
which controls and e.xperimental rats do not show much difference in 
growth. This graph illustrates the growth of rats which were first treated 
for one hour daily to air that bad been dra^vn from near the mercury 
vapour lamp and then, after fourteen days or so of this, were treated by 
the glass jar method. The controls ,in every instance show good growth 
while the experimental rats showed poor growth. Hume and Smith 
merely remark that these control rats “showed remarkably strong 


growth." 

We have repeated Hume and Smith’s work following their tech- 
nique as nearly as possible, the only difference being the type of lamp 
used. Their lamp made by the Hewittic Electric Company consumed 
3‘5 amps. — our’s was a self-lighting lamp made by Kelvin, Bottomley 
and Baird and consumed 2 amps. This lamp we know to be very active 
and rich in ultra violet rays. It cures rickets and produces the chemical 
reactions of ultra violet radiations. We have treated six rats by their 
method and in no case has their growth difiered from the controls or in 
any way come up to the standard of Hume and Smith s rats. Taking 
another six rats we have kept four in a dim cupboard, heated to 28 C. 
by an iron pipe, and two in the cool, light laboratory, ^o of those in 
the cupboard and one in the laboratory have had irradiated atr treatment. 
The two in the laboratory have grown the best. The rrradrated arr has 
made no difference to the growth curves. We also trred on four parrs of 
rats the action of the following substances following as for as possible 
Hume and Smith’s technique. (1) Ozone, (2) dilute NO. gas, (3) air 
in glass jars that had been exposed to an X-ray tube and w^ presumably 
ionised, (4) cigarette smoke. Ozone is known to be produced by the 
light of a mercury vapour lamp acting on air ; NO. might be produced , 
by the same agency acting on impure air. arr containing traces of ammonia 
for instance. Cigarette smoke was taken as a more or less mild imtant 
and also because it might contain some ionised .air produced by the act 
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of combustion. Without here going into any further detail, we were 
unable to stimulate the growth of rats by any of these methods. We 
have also failed to influence rickets in young rats fed on a deficient diet 
by exposing them daily for thirty minutes to the air led from the enclosure 
of mercury vapour lamp into their box, while exposure to the light of 
the lamp produced the well-known curative effect shown by Hess and 
others. 


The metabolic behaviour of inositol in the developing egg. 

By J. Needham. 

Of the metabolic relationships which may link the cycloses to other 
chemical substances in the animal body, practically nothing is known. 
Indications of a connection between inositol and carbohydrate metabolism 
have been sought for without success ; and some workers have concluded 
that inositol plays no i'61e of physiological importance, only appearing in 
the body because much of the phosphorus of the food is in the form of 
phytin. 

In 1909 Klein(i) reported that inositol was absent from the uhin- 
cubated egg of the hen, but was to be found in considerable quantity in 
the embryo of the 20th day. Now if inositol is synthesized in the egg, it 
is probably also synthesized in the body, and, furthermore, synchronous 
changes in tlie amounts of other substances in the developing egg may 
well be considered to be evidence of metabolic connection. In view of 
these' possibilities, it was resolved to compare the behaviour of inositol 
with that of other bodies during incubation ; and this communication is 
a preliminary report of the first part of the work. 

150 eggs, laid by hens of the same breed, were taken and incubated 
for 21 days, samples being withdrawn every three days. Inositol was 
estimated by the method recently described by the author(2), and sugar 
by the Wood-Ost procedure. In the fifst place, Klein’s failure to find 
inositol in the fresh egg was not confirmed ; an egg on the first day after 
laying contains 6‘2 mgs. p.c., mostly in the white.^ Thereafter, the total 
inositol -content increases to a maximum of about 95 mgs. p.c, by the 
10th day, but drops again to under 20 rags. p.c. by the 15th day. From 
then onwards the rise is steady and uninterrupted, reaching a level of 
over 60 mgs. p.c. at the time of hatching. The amounts in embryo and 
yolk-sac, calculated separately, follow these variations, but,- after the 
20th day the inositol increases much less rapidly in the embryo than it 
does in the remainder. 
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The sugar, on the other hand, estimated as total carbohydrate after 
hydrolysis with 10 p.c. HCl, showed no kink between the 8th and 17th 
days, but remained practically constant throughout until a sudden rise 
occurred on the last day of incubation. 

From the increase of inositol, it must be concluded either that syn- 
thesis is taking place, or that it is being liberated from some inositol- 
containing substance. Since Plimmer and Scott(3) (1909) showed that 
the inorganic phosphorus of the egg increases to a very marked extent 
ns development proceeds, it is not impossible that a phytin-like body 
may be gradually hydrolysed and thus yield free inositol. Further work 
is being done to test this point as well as to continue the general scheme 
of work outlined above on the metabolism of the developing egg. 
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The relationship of the chronaxie '' of muscle to the size of the 
stimulating^ electtodei {Preliminary Report) By Hallowell Davis. 

Ever since Lapicque, Lucas, and others first published strength- 
duration curves for the electrical exciUition of striated muscle there has 
been a contradiction as to the value of the chrona(cxe found for this tissue. 
The various workers have been in good agreement as to motor nerve, 
whose chronaxie is of the older of O'OOOS sec., varying somewhat with 
species of animal, function of nerve, size of fibre, temperature, etc. For 
striated mtiscle, however, Lapicque and his school find a chronaxie 
essentially the same as that of its motor nerve; while Lucas found it 
approximately ten to twenty times as long. The techniques of the two 
workers differ in that Lapicque stimulates the muscle in situ with a 
small silver wire electrode, while Lucas used the excised muscle in his 
“fluid electrodes.” More recently Jinnaka and Azuma^ have 
the pore electrode method for the stimulation of a single muscle re 
to the study of this problem, and have found values in general agreemen 

with Lapicque. , , • 

A repetition of experiments by these various metho s on t e pe 
end of the sartorius of the frog shows that the different \a ues . 
chamcteristic of the different techniques. Whether the muscle is 
or is in with the circulation active is of little importance, pro 
^ Proc. Roy Soc^ B. 1921. 
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the excised tissue is bathed in a fluid of proper ionic concentrations. 
The important variable is the size of the electrode at which stimulation 
occurs. A small electrode, such as pores from 3/t up to T5/4m diameter 
or the contact of a metal wire, gives short chronaxies from 0-0002 sec. 
to O'OOOS sec., while fluid electrodes of the Lucas type give chronaxies 
up to 0-02 sec. By varying the size of the effective electrode nearly the 
whole range of intermediate values can be covered. 

It has not yet been possible to make any satisfactory quantitative 
correlation between size of electrode, etc. and the duration or current 
strength values of the exciting current; but further experiments to this 
end are in progress. The long chronaxie of Lucas depends on low 
threshold values and long latent periods which appear when the current 
enters the tissue over a large area, but their exact significance is not yet 
clear. The pore electrodes resemble a little more closely, in point of size 
at any rate, the physiological method of stimulation, i,e. by the nerve, 
and incidentally give much smoother curves and more reproducible 
values than the fluid electrodes : but until the laws governing the wide 
variations can be worked out it does not seem possible to speak of any 
single chronaxie as characteristic of a given muscle. 


Insulin and inositol. By J. Needham, W. Smith, and L. B. Winter, 

in recent times, since the true chemical nature of inositol has been 
discovered, a number of attempts have been made to demonstrate some 
connection between carbohydrate metabolism and the metabolism of this 
substance. From a study of the formulae of the sugars on the one hand, 
and of the cyploses on the other, it has always seemed probable that 
they might be related. Neverthele.ss, all the work which has been done 
on this subject has had uniformly negative results; and absolutelyno 
convincing evidence is at present available for a belief in their metabolic 
relationship. 

The recent work of Dudley and Marrian{i) (1923) pointed to the 
need for reopening the question. Was it possible that some of the sugar 
which disappeared from the liver, blood, and muscles, during the con- 
vulsions following on the injection of insulin, might be transformed to 
cyclose ? The experiments here recorded were accordingly carried out. 
Eats, similar as far as possible in age and development were taken, and 
insulin injected into some of them. When the convulsions camfe on, all 
were killed, and the total body-content of inositol estimated by the 
method already described by one of os (J. N. 1923) (2). It was found that, 
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relatively, the insulin rats contained 50 p.e. more inositol than the normal 
ones. But, absolutely, owing to the very small amounts of inositol present 
in tissues, the increase was only an average of 4’2 mgs. per rat, so that 
it would not account for more than a fraction of the sugiir, supposing a 
direct transfonnation to take place. 

From the above facts, one of two conclusions is justih.able. Firstly, 
the increase of inositol might represent a side-reaction, as it were, in 
the removal of thn sugar ; or, secondly, it might be considered to be a 
secondary eifect consequent tipon the convulsions themselves. As nothing 
is yet known of the variations which inositol may undergo during mus- 
cular contraction, any definite preference is perhaps premature. Further 
work on these points is being carried out. 
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Contraction of a drop of water by change of reaction. 

By K. Buinkman and A. von Szent Gyiinovi. 

It has become evident that interfacial phenomena must play on im- 
portant rflle in the intimate mechanism of muscular contraction, as this 
developed itself from the more primitive modes of cellular mobility. It 
has also been made probable that the initial production of acid is respon- 
sible for the sudden change of surface-energy, but there is as yet no 
experimental explanation of the manner in which the liberated acid can 
produce a sudden increase of interfacial tensions. The object of this note 
is to show how a drop of water in a medium of petrol-ether contracts 
itself suddenly by increase of interfacial tension, if the reaction is changed 
from slightly alkaline to ilcid. 

The infiuence of inorganic acids and bases on the pure water-air sur ace 
is very small, but this is not the case if we take a water-petr^-ether 
interface. Determination of the interfacial tension at this border by 
means of the torsion balance method shows that the tension is con- 
siderably lowered by a very emaU concentration of a , an a i 
is raised immediately to its former dynamic value y aci u a ion J' 

small amount of HCl It is a further important fact that ^ “ 

tension (which hears much more to the b.olop^ 

tensions than the commonly examined water-air tension does) is decreased 

ve^ markedly by the gases “ [J™ „ thesgni- 

By a very simple arranpment it m p of contractility. The 

ficance of these facts for the surface ten 
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arrangement is seen in Fig. 1. A small copper cylinder, which has been 
thoroughly cleansed and with a thin layer of water adsorbed to its surface, 
is immersed in a glass-beaker filled with petrol-ether. A large drop of 
water is placed on the concave top of the cylinder and a small copper 
disk, attached to an ordinary muscle-lever placed on the surface of the 
drop. When the lever is well balanced, the drop of water is stretched 
somewhat, and this stretching increases if a very small particle of solid 
bfaOH is added to the drop, because of the lowering of interfacial tension 
byalkali. After some moments the tension has reached its lowest value, 



Fig. 1. Fig. 2. 

and now the lever is carefully brought into~contacb with a rotating 
smoked drum. Fig. 2 shows what takes place if the alkali drop is touched 
with a very small drop of HCl ; the lever is suddenly raised by increase 
of tension of the drop (I). The drop remains in a contracted state till at 
(II) a minute droplet of a solution of NagCO, is brought into contact 
with the acid drop of water. This results in the production of CO^ which 
is at once followed by a marked decrease of tension and elongation of 
the drop to its former length. In' this way it is very easy to obtain an 
artificial myogram, by change of reaction at the water-petrol-ether inter- 
face, which may have interest for the theories on muscular contraction. 


NOTICE BY THE EDITOR OF THE PROGEEDINOS. 
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